General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 




NASA CR-134941 
VOLUME M 


ENERGY CONVERSION ALTERNATIVES STUDY 

-ECAS- 

WESTINGHOUSE PHASE 1 FINAL REPORT 


BOTTOMING CYCLES 


WESTINGHOUSE ELECTRIC CORPORATION RESEARCH LABORATORIES 


Prepared for 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
NATIONAL SCIENCE FOUNDATION 


NASA Lewis Research Center 
Contract NAS 3-19407 


rtlASA-CR-13l|9«1-Vcl-7) ENERGY CONVERSION 
AIIEPNIIIVES STUtV (ECAS) , NESTINGHOOSE 
PHASE 1. VOLUME 7; CETAL VAPOR RANKINE 
TOFPING-STEAK BCTTOPIKG CYCLES Final Report 
(Uestinghouse Feseaicb Labs.) 198 p HC 


N76-23698 

HC 


Unclas 

G3/U4 28172 


1. Report No. NASA CR-134941 | 2. Government Accession No. 

Volume 7 I 


4. Title and Subtitle 

ENERGY CONVERSION ALTERNATIVES STUDY (EGAS), 

WESTINGHOUSE PHASE I FINAL REPORT 

VOLUME VII - METAL VAPOR RANKINE TOPPING-STEAM BOTTOMING CYCLES 


7. Author(s) 

P. B. Deegan, et al 


9. Performing Organization Name and Address 
WesClnghouse Electric Corporation 
Research Laboratories 
Pittsburgh, PA 15235 


12. Sponsoring Agency Name and Address 

Energy Research and Development Administration 
National Aeronautics and Space Administration 
National Science Foundation 


3. Recipient’s Catalog No. 


5, Report Date 

February 12, 1976 


6. Performing Organization Code 


8. Performing Organization Report No. 
Westlnghouse Report No. 
76-9E9-ECAS-R1V.7 


10. Work Unit No. 


11. Contract or Grant No. 
NAS 3-19407 


13. Type of Report and Period Covered 
Contractor Report 


14. Sponsoring Agency Code 


15. Supplementary Notes 
Project Managers: 

W, J. Brown, NASA Lewis Research Center, Cleveland, OH 44135 

D. T. Beecher, Westlnghouse Research Laboratories, Pittsburgh, PA 15235 


16. Abstract 

Adding a metal vapor Rankine topper to a steam cycle is a way to increase the mean temperature 
at which heat is added to the cycle to raise the efficiency of a power plant. Potassium and 
cesium topping fluids are considered. Pressurized fluidized bed or pressurized (with an 
integrated low-Btu gasifier) boilers are assumed. One of the ternary systems studied shows 
plant efficiency of 42.3% with a plant capitalization of $66.7/kW and a cost of electricity 
of 8.19 mills /MJ (29.5 mills /kWh). 


17. Key Words (Suggested by Author(s)) 
potassium turbine 

cesium temperature 

gas plant 

steam efficiency 


18. Distribution Statement 


Unclassified - Unlimited 


19. Security Classif. (of this report) 

1 20, Security Classif. (of this page) 

2t. No. of Pages 

1 22. Price" 

Unclassified 

Unclassified 

190 

1 


For sale by the National Technical Infonnation Service. Springfield, Virginia 22161 


NASA-C-168 (Rev. 10-7S) 




















ACKNOWLEDGMENTS 


Section 8 entitled "Metal Vapor Rankine Topping-Steam Bottoming 
Cycles" was centered at the Westinghouse Advanced Reactors Division with 
the primary responsibility assumed by P. B. Deegan. 

Others contributing to the concept study were; 

• W. F. Guerin* who defined and costed the liquid metal 
subsystems. 

• J. D. Hangus, who provided technical consultation. 

• R. K. Sayre, who designed and costed the liquid metal 
condenser-steam generator. 

• F. A. Beldecos of Power Generation Systems, who sized the 
needed metal vapor turbines. 

• J. L. Steinberg and G. J. Silvestri of the Westinghouse 
Steam Turbine Division who calculated the performance and 
price of certain steam turbines. 

• C. T. McCreedy and S. M. Scherer of Chas. T. Main, Inc. of 
Boston, who prepared the balance of plant description and 
costing, site drawings, and provided consultation on plant 
island arrangements and plant constructability. 


i 


TABLE OF CONTENTS 

NASA Re.port No. 

NASA CR-134941 


Volume 

I 

Section 

Section 

1 

2 

INTRODUCTION AND SUMMARY 
GENERAL ASSUMPTIONS 

Volume 

II 

Section 

3 

MATERIALS CONSIDERATIONS 

Volume 

III 

Section 

4 

COMBUSTORS, FURNACES, AND LOW- 
BTU GASIFIERS 

Volume 

IV 

Section 

5 

OPEN RECUPERATED AND BOTTOMED GAS 
TURBINE CYCLES 

Volume 

V 

Section 

6 

COMBINED GAS-STEAM TURBINE CYCLES 

Volume 

VI 

Section 

7 

CLOSED-CYCLE GAS TURBINE SYSTEMS 

Volume 

VII 

Section 

8 

METAL VAPOR RANKINE TOPPING-STEAM 
BOTTOMING CYCLES 

Volume 

VIII 

Section 

9 

OPEN-CYCLE MHD , 

Volume 

IX 

Section 

10 

CLOSED-CYCLE MHD 

Volume 

X 

Section 

11 

LIQUID-METAL MHD SYSTEMS 

Volume 

XI 

Section 

12 

ADVANCED STEAM SYSTEMS 

Volume 

XII 

Section 

13 

FUEL CELLS 


ii 



EXPANDED TABLE OF CONTENTS 
Volume VII 


Page 

ACKNOWLEDGMENTS i 

TABLE OF CONTENTS ii 

SUMMARY 

8. METAL VAPOR RANKINE TOPPING-STEAM BOTTOMING CYCLES 8-1 

8.1 State of the Art 8-1 

8.1.1 Previous. Studies ..... 8-9 

8.2 Basic Liquid-Metal Rankine Topping Cycle Plant 8-11 

8.3 Method of Performing Calculations . 8-22 

8.4 Results of the Parametric Study 8-29 * 

8.4.1 Matrix of Components and Parametric Variations .. 8-29 

8.4.2 Effect of Furnace-Combustor Type ........ 8-31 

8.4.3 Effect of the Gas Turbine Recuperator 

Effectiveness 8-31 

8.4.4 Effect of Liqvdd-Metal Recirculation 8-32 

8.4.5 Effect of Exhaust Gas Feedwater Heaters and 

Economizers 8-32 

8.4.6 Effect of Compressor Pressure Ratio . 8-33 

8.4.7 Effect of Air Equivalence Ratio 8-35 

8.4.8 Effect of Gas Turbine Inlet Temperature . .... 8-35 

8.4.9 Effect of Metal Vapor Turbine Inlet Temperature . 8-38 

8.4.10 Effect of Steam Throttle Temperatures ...... 8-39 

8.4.11 Effect of Steam Throttle Pressure ........ 8-39 

8.4.12 Effect of Nonreheat vs Reheat Steam Turbine . . . 8-41 

8.4.13 Effect of Working Fluid ..... . 8-41 

8.4.14 Effect of Power Level ......... 8-43 

iii 


EXPANDED TABLE OF CONTENTS (Continued) 


Pag^ 

8.5 Capital and Installation Costs of Plant Components . . . 8-43 

8.5.1 Method of Component Sizing 8-43 

8. 5. 1.1 Pressurized Fluidized Bed 8-43 

8. 5. 1.2 Pressurized Furnace 8-46 

8. 5. 1.3 Liquid-Metal Vapor Drum 8-46 

8.5. 1.4 Liquid-Metal Vapor Turbine ... 8-47 

8. 5. 1.5 Metal Vapor Condenser-Steam Generator . . 8-47 

8. 5. 1.6 Liquid-Metal Condenser Hot Well 8-54 

8.5.1. 7 Liquid-Metal Dump Tank 8-54 

8.5. 1.8 Liquid-Metal Pumps 8-55 

8. 5. 1.9 Liquid-Metal Piping 8-56 

8.5.1.10 Liquid-Metal Storage Tanks 8-57 

8.5.1.11 Liquid-Metal Inventory 8-58 

8.5.1.12 Plant Arrangement and Component 

Modularization . . . . 8-59 

8.5.2 Method of Component Cost Evaluation ....... 8-61 

8. 5. 2.1 Pressurized Fluidized Bed . 8-61 

8. 5. 2. 2 Pressurized Furnace . 8-62 

8. 5. 2. 3 Combustor Pressurizing Subsystem ..... 8-63 

8. 5. 2. 4 Liquid-Metal Subsystem Tanks 8-65 

8. 5. 2. 5 Liquid-Metal Vapor Turbine 8-65 

8. 5. 2. 6 Liquid-Metal Condenser - Steam Generator.. 8-67 

8.5. 2. 7 Liquid-Metal Pumps ...... 8-69 

8. 5. 2. 8 Liquid-Metal Piping .... 8-69 

8. 5. 2. 9 Liquid-Metal Inventory .......... 8-69 

8.5.2.10 Liquid-Metal Auxiliary Subsystem 8-73 

8.5.2.11 Summary of Liquid-Metal Subsystem 

Direct Costs ............... 8-73 

8.6 Analysis of Overall Cost of Electricity ........ 8-75 

8.6.1 Matrix of Component and Parameter Variations. . . 8-75 


iv 


EXPANDED TABLE OF CONTENTS (Continued) 


Page 

8.6.2 Effect of Furnace Combustor Type 8-77 

8.6.3 Effect of Coal Type on PFB 8-77 

8.6.4 Effect of Component and Parameter Variations 

on PFB 8-79 

8.6.4 Effect of System Temperatures on PFB 8-83 

8.6.5 Effect of System Temperature on PFB 8-83 

8.6.6 Effect of Working Fluid on Preliminary Optimum 

Plant 8-87 

8.6.7 Effect of Nominal Power Variation 8-87 

8.6.8 Summary Sheets ....... 8-89 

8.6.9 Additional Considerations .... 8-89 

8. 7 Conclusions and Recommendations 8-97 

8.8 References 8-105 

Appendix A 8.1 Liquid-Metal Rankine Topping Cycle Parametric 

Points System Configuration and Parametric State 

Points ........ 8-106 

Appendix A 8.2 Liquid-Metal Topping Cycle Parametric Point 

Summary Sheets ............. 8-137 

Appendix A 8.3 Detailed Accounts Listing, points 1, 4 and 49 . . 8-166 


V 



SUMMARY 


Adding a metal vapor Rankine topping cycle to a steam cycle is 
a way to increase the mean temperature at which heat is added to the 
cycle and to raise the efficiency of the power plant. The majority of 
this study uses potassium as the working fluid with a few cesium 
points for comparison. The systems studied use either a pressurized 
fluidized bed boiler burning coal directly or a pressurized boiler 
burning clean fuel gas from an integrated low-Btu gasifier. Included 
in the cycles are a pressurizing gas turbine with its associated 
recuperator, and a gas economizer and feedwater heater. The base case 
system assumes a 1255°K (1800”?) pressurizing turbine inlet temperature 
and a 15 to 1 pressure ratio. The liquid-metal vapor generator is a 
fluidized bed boiler. The liquid-metal system uses a boiler with a 
2.5 to 1 recirculation ratio, and several four-stage - 30 rps (1800 rpm ) 
double flow-25 MW turbine-generators which exhaust into a metal vapor 
condenser-steam boiler where steam is raised for a nearly conventional 
steam-bottoming plant. 

The metal vapor enters the turbine at 1033“K (lAOO^F) and the 
condenser-steam generator at 866“K (1100°P) . The steam-bottoming plant 
uses a 24.132 MPa (3500 psi) either single or nonreheat plant. The 
high pressure feedwater heating is accomplished partly by extraction 
steam and partially by exhaust gas feed heating. A temperatur^ difference 
of 166. 7“K (300°F) is assumed across the metal vapor turbine. The steam 
reheat and/or superheat temperature is 55.5“K (100°F) less than the 
metal vapor condensing temperature. These variables are not varied 
independently. 

Calculations show the potassium-topped plant with a capitali- 
zation of $667/kW and a plant efficiency of 42.3%. 
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Results show the comparable cesium cycle to have an efficiency 
about 0,5 point higher than the potassium cycle but to have a 0.44 raill/MJ 
(1.6 mills/kWh) higher cost of electricity. The need for both the 
gasifier and pressurized furnace compared to just a p.cessurized fluidized 
bed boiler results in a 17% high plant capitalization. The pressurized 
fluidized bed system is the choice for the case for further s t’dy. 

Also indicated are a 10 to 1 - 1255°K (1800°F) pressurizing gas turbine, 
a 1033°K (1400“F) metal turbine inlet temperature, and a 24.132 MPa/8ll°K/ 
811°K (3500 psi/1000°F/1000°F) steam-bottoming plant. 

The 1200 MW plant, made up of several distinct pressurized 
boiler and liquid-metal turbine loops with the exception of the steam 
turbine which is common to all loops, can be expected to have a higher 
availability than a normal. plant with line dependence on all major 
components. 

The pressurized fluidized bed boiler plant shows a cost of 
electricity of 8.19 mills/MJ (29.5 mills/kWh). Extrapolation to other 
conditions than those calculated shows possible efficiencies of 44% 
with a possible capital cost of $583/kW and a COE of 6.94 mills/MJ 
(25 mills/kWh). Some limited potential for this plant may exist. 


REPRODUGl,,.,,lJ.i:i' OF IHE 
ORIGINAL IS POOR 
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8. METAL VAPOR RANKINE TOPPING-STEAM BOTTOMING CYCLES 

Figure 8.1 is a simplified schematic of an energy conversion system 
utilizing a Rankine metal vapor topping-steam bottoming cycle. The area 
enclosed by the heavy broken line is the liquid-metal system discussed in 
this section. The areas outside the heavy broken line include the 
furnace-boiler, the pressurizing gas turbine generator, and the steam 
turbine generator, described in greater detail in Sections 4, 5, 6, and 
12. Design support for material selection and the fabrication methods 
suggested are presented in Section 3. 

8.1 State of the Art 

Considering the generation of power at present-day temperatures 
and higher, it must be recognized that steam as a working fluid presents 
serious problems. It requires too high an operating pressure, and it 
absorbs too little heat at the maximum cycle temperature. Combining a 
Rankine steam cycle with a Rankine metal vapor topping cycle overcomes 
these problems and offers the potential for higher cycle efficiencies. 

Historically, between 1922 and 1949, six commercial power gene- 
rating stations were installed and successfully operated with mercury 
vapor topping turbines at throttle conditions of about 0.8619 MPa 
(125 psi) gauge/788°K (958°F). In 1949, the Schiller Station of Public 
Service of New Hampshire went into operation with a total capacity of 
40 MWe, of which 15 M\-?e were generated by the mercury vapor turbine gene- 
rator. The 10 MWe mercury turbine generator installed at the Hartford 
Electric Light Company's South Meadow station in 1928 operated until 
1947. It was replaced by a 15 MWe unit in 1949. In general, the metal 
vapor turbine presented few problems, but some boiler corrosion and 
necessary replacement did occur. These plants exhibited an efficiency 
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15% higher than did steam plants with similar top temperatures. Three of 
these mercury plants were still operating in 1961, but the. development of 
more efficient steam plants (modern plants with higher inlet steam tem- 
peratures) and the value of the mercury inventory have since caused them- 
to be dismantled. 

More recently, small power plants for space stations using 
metal vapor turbines (potassium) have been studied. There are now on- 
going programs utilizing liquid-metal subsystems for liquid-metal fast 
breeder reactor (LMFBR) power plants. The pertinent components for which 
a body of technology has been developed for use in liquid-metal systems 
are metal vapor condenser-steam generators, feed heaters, pumps, piping 
systems, valving, expansion joints, purification systems, trace heating 
systems, inventory control, and metal vapor turbines. 

The condenser-steam generator parameters listed in Table 8.1 
are indicative of the state of the art as developed by the Energy Research 
and Development Administration (ERDA) for the LMFBR program. 


Table 8.1 - LMFBR Steam Generator Operating Conditions 



Evaporator 

Superheater 

Temperatures, °F 

j 


Sodium in 

855 

950 

Sodium out 

700 

855 

Water in 

470. 

715 

Water out 

715 

905 

Sodium Velocity, ft/s 

8.5 

11.0 

Steam Exit Velocity, ft/s 

37.4 

173 

Pressure Drop, psi 



Water 

44 

245 

Sodium 

21 

i 

29 
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Table 8.2 - Characteristics of Sodium Pumps 


CO 

1 






Sys tern 

Hallam 

EBR-2 

Enrico Eermi 

500 MWe FBR 

P.F.R. 

AN! 

1000 MWe 

FFTF 
400 MWt 

Primary Systeni Pumps 
Design 

Centrifugal 

Centrifugal 

Centrifugal 

Centrifugal 

Centrifugal | 

Centrifugal 

Centrifugal 

Type 

Free surface 

Free surface 

Free surface 

Free surface 

Free surface 

Free surface 

Free surface 

Number of units 

2 ■ 

2 

3 

3 

3 

3 

4 

Capacity, gpm 

7200 i 

55CO 

38,500 

38,500 

21,100 

62,500 

11,750 

Dynamic head, ft 

160 

200 

310 

379 

333 

375 

385 

Design temp., °F 

1000 

800 

1000 

1100 

752 

1175 

800 

Motor speed, rpm 

900 

1075 

900 

600 

960 

520 

870 

Motor power, hp 

350 

350 j 

1060 

4000 

200 

6000 

1300 

Sealing arrangentent 

Mechanical 
shaft seal 

Hermetically 
sealed drive 

Mechanical 
shaft seal 

Mechanical 
shaft seal 

Mechanical 
shaft seal 

Mechanical 
shaft seal 

Mechanical 
shaft seal 



motor 






Material 

304 SS 

304 SS 

304 SS 

304 SS 




Type of Speed control | 

Eddy current 
- coupling 

Variable freq. 
and voltage 

Hound rotor 
motor w/liquid 
rheostat 

Eddy current 
coupling 

Hydraulic ! 

coupling 

WR/DC 

Eddy current 
coupling 

Secondary System Pumps 






1 


Design 

Centrifugal 

ac linear 

Centrifugal 

Centrifugal 

Centrifugal 

Centrifugal 

Centrifugal 

Type 

Free surface 

Induction 

Free surface 

Free surface 

1 Free surface 

Free surface 

Free surface 

Number of units 

3 : 

1 

3 

3 

3 

3 

4 

Capacity, gpm 

7200 ’ 

6500 

13,000 

45,300 

20,400 

55,200 

11,450 

Dynamic head, ft 

170 

142 

100 

226 

159 

250 

222 

Design temp., “F 

1000 1 

700 

1000 

965 

752 

1085 

675 

Motor speed, rpm 

900 

1180 (Mg set) 

i 900 

850 

960 

870 

800 

Motor power, hp 

350 

500 (MG set) 

350 

3000 

750 

3500 

745 

Sealing arrangement 

Mechanical 
shaft seal 

Total metal 
enclosure 

Mechanical 
shaft seal 

Mechanical 
shaft seal 

Mechanical 
shaft seal 

Mechanical 
shaft seal 

Mechanical 
shaft seal 

Material 

304 SS * 

304 SS 

2-1/4Z Cr - IZ Mo 

304 SS 




Type of speed control 

Eddy current 
coupling 

Variable Volt. 
(MG set) 

1 Eddy current 
coupling 

Eddy current 
coupling 

Hydraulic 

coupling 

WR/DC 

Eddy current 
coupling 


^Prototype PFT? pump/fabrication complete - January 1971 
Prototype demonstration pump/fabrication complete - January 1972 
500 FBR pump P.O. - January 1971. 



The technology involved in the liquid-metal feedheater is 
similar to that developed for the intermediate heat exchanger (IHX) of 
the LMFBR. The liquid-metal operating conditions in Table 8.1 are com- 
parable to those expected in the feedheater. The feedheater can operate 
at higher temperatures than those indicated because it is not limited by 
nuclear reactor temperatures. 

Existing steam generators and IHXs have been operating at capa- 
cities in the order of 30 and 100 MWt per unit, respectively. The LMFBR 
program is designing them for 100 and 300 MWt per unit, respectively. 

Initial estimates of liquid-metal flow rates and required pump 
heads indicate that a centrifugal pump will be selected according to pump 
state of the art. Figure 8.2 shows the range of flows and heads of 
existing liquid-metal pumps. The pumps of the LMFBR program, listed on 
Tables 8.2 and 8.3, provide additional information on centrifugal pump 
designs and operating conditions. The metal vapor Rankine topping cycle 
liquid-metal pump would be classified in the secondary pump parameter 
range, especially for the design head. The application of electromagnetic 
(EM) pumps is also a possibility. 

Table* 8.3 - Free Surface Sodium Purtps 


Characteristics 

SRE 

HNPF 

Capacity, gpm 

2,500 

7,200 

Design Temperature, “F 

1,200 

1,000 

Total Dynamic Head, ft 

145 

160 

Motor Horsepower, hp 

150 

350 

Hours of Operation 

14,000 

9,000 


Table 8.4 lists the sizes and designs of liquid-metal valves 
which have been built and tested. These valves are of the order-of- 
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Pumping Head, fi 


Curve 682976-B 



2 3 4 5 

10 10 ^ 10 ^ 10 ^ 10 ^ 

Flow Rate, gpm 


Fig. 8. 2- Typical liquid metal pump characteristics 





Table 8.4 - Large Valves in Liquid-Metal Cooled Reactors 


a 



1 ' ■ 




Service Conditions 

Reactor 

Valve 

Function 

10C3.X 

Valves 
in Loop 

Size, 

in 

j 

Stem Seal 

Approx . 
Temp . , 
’’F 

Approx. 

Pressure, 

psi 

Approx. 

Flow, 

gpm 

EBR-I 

Block 

15 

4, 6 

Double 

bellows 

600 

20 

291 

ERB-II 

Throttle 

2 

4 

Close 

clearance 

700 

56 

630 

FEBMI 

Throttle 

3 

6 

Double 

bellows 

600 

118 

1,000 


Check 

3 

16 

None 

600 

118 

10,000 

HALLAM 

Block 

9 

14, 16 

Freeze seal 

950 

57 

6,750 


Check 

3 

16 

None 

610 

37 

6,750 

SRE 

Block 

9 

6 

Bellows and 
freeze seal 

[ 850 



SRE-PEP 

Block 

4 

4, 6 

Bellows and 
freeze seal 

1160 

47 

1,540 


Throttle 

1 

8 

Torque tube 

i 

1 650 

19 

1,420 


All valves had stainless steel bodies. 



Table 8.5 - Previous Studies 




o 
k : a 


' !‘4 

!■’" o 
o : 


e'J 


t?d 


1. Condenser-Steam Generator 

• Westinghouse Primary Steam Generator 
Development Program 

• A1 MSG Steam Generator Study 

• EBR-II 

2. Liqnld-Metal Feedheater 

• Foster Wheeler Corp. LMFBR and FFTF IHX 
Design Report 

■ Fermi IHX 

■ Hallara IHX 

• ALCO Sine-Wave IHX CSCTI) 

3. Liquid-Metal Pumps 

• Westinghouse Large Sodium Pump Study 

• Fermi Pump 

• British PFR Pump 

• Hallam Pump 

• EH Pump Studies 

4. Liquid-Metal Piping 

• Material Compatibility Studies 

• Piping Stress Analysis Codes 

• Pipe Hangers and Penetration Studies 

• Piping Insulation Selection' Studies 

5. Liquid-Metal Valves 

• Valve Development Program 

• Valve Operating Experience 


6. Liquid-Metal Vapor Turbine 

• Two- and Three-Stage Potassium Turbine Test 
by General Electric 

• Potassium Turbine Tests by Garrett 

• Llquld-Netal Ranklne Cycle Space Power 
Application 

7 . Inventory Control Development Programs for : 

• Level Instruments 

• Expansion Tanks, Dump Tank 

• Flowmeters 

• Temperature Instruments 

• Pressure Instruments 

• Leak Detectors 

8. Liquid-Metal Purification Development Program 
for : 

• Liquid— Metal Solubility Studies 

• Hot and Cold Traps 

• Soluble Getters 

• Sampling Techniques 

• Chemical Analysis 

• EM Flowmeters 

• Plugging Meters 

• Electrochemical Meters 

9. Trace Heating 

e Heater Development Program 

• Hanger and Insulation Development 


magnitude size required for the metal vapor Rankine topping cycle. The 
LMFBR program Is studying sodium valve development in order to improve on 
present valve capahilitles . 

In addition to the state of the art of mercury vapor turbines 
established for the mercury topping cycle power plants, much effort has 
been expended in space vehicle application of alkali-metal vapor turbines . 
The space program has also been investigating the feasibility of other 
liquid metals as working fluids for power generation. 

Liquid-metal vapor turbines have been built and tested by 
General Electric for NASA and by Airesearch Manufacturing for the U. S. 

Air Force. A two-stage potassium turbine was operated successfully for 
18 Ms (5000 hr) by General Electric. 

The same may be said of liquid-metal inventory controls , puri- 
fication systems, and trace heating: the technology exists. These sys- 

tems have been built and tested for the Fermi, EBR-II, and Hallam in this 
country, and by several foreign nations. They have been designed for the 
Fast Flux Test Facility (FFTF) , and many aspects of the systems have been 
tested in various facilities. Development programs are in progress to 
enhance the state of the art in these areas. 

8.1.1 Previous Studies 

As intimated previously, the steam generator studies for the 
LMFBR program provided information applicable to the condenser-steam 
generator. Table 8.5, Item 1, lists a few of the studies available. The 
Westinghouse Primary Steam Generator Development Program in particular 
provides an initial concept for design of the condenser-steam generator. 

The design of the liquid-metal feedheater v/ill closely resemble 
the IHX of the Il-IFER program. Item 2 of Table 8.5 lists a design report 
and three actually built IHXs as reference studies. 

Item 3 of the same table lists a Westinghouse study that pro- 
vides liquid-metal pump design procedures, as well as sizing and costing 
information. Atomics International also has a similar study available. 
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which is not listed. Under Item 3 are listed three centrifugal pumps 
which were built and tested. The final entry refers to the studies on 
EM pumps. 

The EM pumps avoid the uncertainty of hydrostatic or hydrody- 
namic bearings operating in high- temperature liquid metal. EM pumps re- 
quire no bearing, nor do they requires seals since there is no penetration 
of the liquid -metal envelope. The utilization of EM pumps would addi- 
tionally simplify the liquid -metal transport system. 

Item 4 of Table 8.5 is concerned with piping systems for liquid 
metals. One of the major requirements of such a system is the compati- 
bility of the liquid metal with the piping material, as discussed in 
Section 4. Material is available from the LMFBR program and the metal 
vapor Rankine cycle program for space vehicle application. Also avail- 
able under the LMFBR program are piping stress analysis codes and a 
Westinghouse development analysis procedure. Development programs are 
also Involved with pipe hangers, penetrations, and insulation materials. 

As mentioned previously, liquid-metal valve development pro- 
grams are in progress using past operating experience as a guide. These 
are listed in Item 5. 

Item 6 concerns previous studies on liquid-metal vapor turbines . 
Listed first are the two- and three-stage potassium turbine tests per- 
formed by General Electric under NASA CR-924 and NASA CR-1483, respec- 
tively. Also listed are the potassium turbine tests by Airesearch under 
contract to the Air Force. 

Items 7, 8, and 9 of Table 8.5 cover the auxiliary system of 
inventory control, purification, and trace heating. Listed under the in- 
dividual systems are developed programs for specific components and equip- 
ment required in the systems. 

Uncertainties and development problems do exist in a liquid- 
metal system, but previous studies and testing programs have provided a 
good background for resolving them. Current FFTF and other LMFBR develop- 
ment programs are advancing the state of the art in these areas. 
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8.2 Basic Llquld-Metal Rankine Topping Cycle Plant 

The parametric analysis of Task. I for the liquid -metal Rankine 
topping cycle included 50 different plant designs, as shown in Table 8.6. 
The work scope specifically required that the analysis include pressurized 
fluidized bed combustion of coal and a pressurized furnace burning low-Btu 
gas made from coal. It was decided to incorporate two base cases in the 
parametric analysis; Base Case 1, a pressurized fluidized bed (PFB) 
plant, and Base Case 2, a pressurized furnace (PF) plant. 

The plant site arrangement and size for Base Case 1 is shown as 
Figure 8.3. The plant island arrangement is illustrated on Figure 8.4 as 
supplied by Chas. T. Main, Inc., the architect/engineer . Figures 8.5 and 
8.6 represent the plant site and plant island arrangement drawings for 
Base Case 2. 

The flow schematics and location of state points for a PFB 
plant and a PF plant are shown in Figures 8.7 and 8.8, respectively. The 
components and flow paths denoted by dashed lines repretmnt variations in 
the system configuration that were investigated. The base case system 
configurations are represented by solid-line components. 

The configuration, performance, and state point values of Base 
Cases 1 and 2 are shown in Tables 8.7 and 8.8, respectively, for 1200 MWe 
size plants. 

The base cases were assumed to be as simple as possible — hence 
the absence of recuperators, gas-heated feedwater heaters or economizers, 
and liquid-metal extractions. Based on availability studies for the 
liquid-metal fast breeder, plant availability is lower for sodium reheat 
steam cycles than nonreheat steam because of the increased probability of 
sodium/water reaction in the event of a steam tube rupture. Thus, a 
nonreheat steam cycle was selected for the two base cases. 

A recirculating liquid-metal boiler was selected instead of a 
once-through boiler for the base cases in order to improve heat transfer 
coefficients and to mitigate possible overheating of the furnace tubes at 
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Fig. 8L3-Rankine metal vapor topping-steam bottoming cycle with pressurized fluidized bed boiler (Base (^se 1) 
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Fig. 8.7 -Schematic liquid metal rankine topping cycle pressurized furnace 
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Liquid-Metal Ranklne Topping Cycle Components and Operating 
Parameters for Base Case 2 
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the hot end. Recirculation also provides for easier start-up and control, 
and reduction of mass transfer and corrosion. A recirculation ratio of 
2.5 to 1 was selected because, for the heat fluxes estimated in the vapor 
generators, departure from nucleate boiling (DNB) occurred at approxi- 
mately 50%’ quality. The recirculation ratio of 2.5 to 1 corresponds to 
40% quality entering the metal vapor drum and provides sufficient conser- 
vatism to avoid the problems of DNB and film boiling in the liquid-metal 
vapor generators. 

The recirculation ratio is defined as the ratio of total liquid- 
metal flow through the furnace/boiler divided by the feed flow. 

A gas turbine inlet temperature of 1255°K (1800“F) was selected 
as the maximum temperature allowed for pressurized fluidized bed combus- 
tion of coal to avoid melting and agglomeration of the ash. In conjunction 
with the liquid -metal temperatures selected, the 1255°K (1800“F) tempera- 
ture tended to minimize the PFB and PF heat transfer areas and, hence, 
minimize capital cost. 

A potassium vapor turbine inlet temperature of 1033°K (lAQO^F) 

provided a reasonable turbine throttle pressure, 104.8 kPa (15.2 psi) 

abs. Since the PFB and PF are limited to overall heat transfer coeffici- 

2 

ents approximately equal to the flue gas coefficients [< 283 W/m -“K 
2 

(< 50 Btu/hr-ft -“F)], the log mean temperature difference is maximized 
with 1033"K (1400“F) liquid metal. Reduction below 1033 “K (1400“F) 
would result in* a subatmospheric throttle pressure for. the liquid-metal 
turbine. The liquid -metal condensing temperature of 866°K (1100 “F) pro- 
vided a reasonable condenser pressure [16.55 _kPa (2.4 psi) abs] and 
condenser /steam generator hot-end temperature difference. 

The steam turbine throttle conditions of 24.132 MPa (3500 psi) 
abs, 811"K (1000°F) provide high steam cycle efficiency. The supercriti- 
cal pressure eliminates potential problems of tube fatigue and uncertain- 
ties associated with DNB. The 11.85 kPa (3-1/2 in Hg) abs back pressure 
represents wet cooling tower conditions. Wet towers are environmentally 
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more accepta^^le than are once-through and more economical for heat rejec- 
tion than are dry cooling towers. 

Potassium was selected as the working fluid because more data 
were available. For this reason the study concentrated on the effects of 
component and parameter variations on a potassium subsystem, assuming 
that the results of a potassium subsystem would apply to cesium as well. 

8.3 Method of Performance Calculation 

The performance of the metal vapor Rankine topping-steam bot- 
toming cycle was calculated by a combination of computer codes and hand 
calculation. Computer codes were used for the performance of the steam 
turbine subsystem and the pressurized combustor subsystem, and hand cal- 
culations determined the performance of the liquid-metal subsystem. 

The hand calculation of the metal vapor turbine was based on an 
isentropic expansion turbine efficiency of 78%. For an inlet condition 
of 1033“K (1400‘*F) and 99% quality, the potassium vapor left the tur- 
bine at 866 °K (1100 “F) and 90% quality. Approximately 202 kJ/kg 
(a. 87 Btu/lb) of useful work could be extracted from the potassium by ex- 
pansion through a turbine for the above conditions. The amount of useful 
work for the 1089“K/922®K (1500°F/1200“F) turbine-condenser conditions 
and the 1144°K/978®K (1600°F/1300“F) turbine-condenser conditions was 
assumed to be approximately the same as for the 1033°K/866®K (1400°F/ 

1100 “F) cycle. 

Further calculations on a volumetric flow basis demonstrated 
that a 25 MWe potassium turbine would be of a double-flow, four-stage 
design with a 1.82 m (6 ft) diameter disk and run at 30 rps (1800 rpm) . 
The cesium turbine was designed for the same 1033®K/866°K- (1400°F/1100°F) 
turbine-condenser conditions, with 90% exhaust quality and a 76% effici- 
ency. The useful work for these conditions was calculated to be 
'u 61.2 kJ/kg ('\^ 26.3 Btu/lb). 

The performance of the pressurizing combustor subsystem was 
evaluated by computer program using the pressurized combustor type, the 
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coal type, recuperator effectiveness, the compressor pressure ratio, air 
equivalence ratio, and gas turbine inlet temperature as denoted for the 
50 parametric points of the metal vapor Rankine topping cycle of 
Table 8.6. The output included the quantities of heat available from the 
combustor, Q, /W j the stack-gas cooler, Q«/W ; and the power generated by 
the gas turbine generator, P/W , as a function of the airflow rate, W , 

3 3 

and the fuel-to-air ratio, W^/W^- 

The steam turbine subsystem efficiencies, as determined by com- 
puter code, were based on the steam turbine throttle temperatures and 
pressure and condenser back pressures given in Table 8.6. All cases 
utilized an 800 MWe steam turbine. The final feed temperatures were 566 
and 550*’K (560 and 530“F) for 24.132 and 16.547 MPa (3500 and 2400 psi) 
gauge conditions, respectively, with eight feedwater heaters. For the 
case which utilized a gas feedwater heater in parallel with the turbine 
feedwater train, the final feed temperature was 529“K (492“F) with seven 
feedwater heaters. The stack outlet temperature, total flue gas flow, 
and flue gas composition were included as input. For cases with steam 
reheat the reheat temperature was assumed equal to the steam throttle 
temperature, and the IP turbine inlet pressure was always taken as 
4.137 MPa (600 psi) abs. 

The integration of the three subsystems was performed by simple 
hand calculation in an Iterative process. Assuming the metal vapor 
turbine-generator produced 100 IWe, with a known useful work, 

liquid-metal flow rate, is: 

“m - 

For any given metal vapor cycle the liquid-metal enthalpy rise 
in the boiler, AH^, and enthalpy drop in the condenser-steam generator, 
AH^, are known. So with of Equation 8.1 the heat available to the 
boiler, Q^, is: 




( 8 . 2 ) 
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(8.3) 


and the heat rejected to the steam, Q^, is; 


Q » W,„ AH 
LM c 


For the pressurizing combustor subsystem performance values, the airflow 

rate, W , is: 

* a’ 


'a (Q^/W^) 


(8.4) 


and the power generated by the gas-turbine generator, Pg^.> 


gt a a 


(8.5) 


In the case of a gas economizer or feedwater heater, the heat transferred 
in the stack-gas cooler, Q 2 , is; 




( 8 . 6 ) 


If there is no gas economizer or feedwater heater, then Q 2 is 0. To de- 
termine the power produced by the steam-turbine generator, the total heat 
added to the steam-turbine subsystem, is- 


%tm = ^c ^2 


(8.7) 


and using the steam-turbine cycle efficiencies, as determined by 

computer code, the steam-turbine rating, is: 


^stm ^*^stm^ ^stm 


( 8 . 8 ) 


The summation of the power generated by the three subsystems is the total 
plant power, order to determine the liquid -metal and airflows. 
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the thermal loads, and the three subsystem power ratings of a 1200 MWe 
rated plant, a new liquid-metal flow rate, W'^, was calculated from 
Equation 8.9: 


W 


LM 


«LM 


(8.9) 


Letting equal W'^, the above procedure. Equations 8.2 through 8.8>was 
repeated. 


Once the reiteration is completed, the remaining flow rates 

needed to size equipment can be calculated. The steam throttle flow 

rate, W ^ , was calculated as; 

* stm* 


'^stm * AH + AH„ 
cs 2 


( 8 . 10 ) 


where AH 2 is the water enthalpy rise in the gas economizer and/or gas 
feedwater heater. 

In order to optimize the amount of heat input for a gas econo- 
mizer with the cost of the heat exchanger, estimates indicate that 50% 
of the heat available at the stack-gas cooler, Q 2 , should be used to 
economize the feedwater going co the condenser -steam gSii^erator. Obvi- 
ously, all of Q 2 cannot be available for economizing, since the exhaust 
stack-gas temperature 4l6°K (290“F) is lower than the final feedwater 
temperature of 529 “K (492 “F). 

The water-steam enthalpy rise, AH^, in the condenser-steam gene- 
rator Includes the enthalpy rise for the throttle steam flow and the 
reheat steam flow. A good approximation of the water enthalpy rise is 
defined by; 


AH 


cs 


AH ^ + C AH , 
stm rh 


( 8 . 11 ) 
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Table 8.9 " Heating Values of Coals with Various % Moistures 


Coal 

Illinois 

Bituminous 

Montana 

Subbltumlnous 

North Dakota 
Lignite 

As Received 




Moisture, % (Molstl) 

13.0 

24.3 

36.7 

HHV, Btu/lb 

10788 

8944 

6890 

LHV, Btu/lb 

10230 

8372 

6248 

Lockhopper 



• ’ 

Moisture, % (Molstl) 

3 

20 

27 

HHV, Btu/lb 

12028 

9452 

7946 

LHV, Btu/lb 

11525 

8907 

7365 

Maximum Practicable Drying 




Moisture, % (MolstS) 

0 

16 

18 

HHV, Btu/lb 

12400 

9925 

8926 

LHV, Btu/lb 

11913 

9405 

8401 


{)RI(fiNAL 


ri Y OF THE 
;lrJ IS POOR 
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where AH ^ is the throttle steam enthalpy rise above that at the econo- 
mizer exit, is the reheat steam enthalpy rise, and C is a constant 

which varies from 0,88 to 0.895, depending on throttle conditions. 

This approximation of the high-pressure turbine extraction 

steam flow agrees within ± 3% for computer-calculated performance values. 

The flue gas flow rate, W , based on the fuei/air ratio, W_/W , which is 

g t a 

given in the pressurizing combustor subsystem performance, is; 

Wg = [1 + (Wg/W^)l (8.12) 

and the as fired coal flow, W^, is: 

Wf - (Wf/W^) (8.13) 

The as received coal flow rate depends on the type of coal used and the 
type of Combustor. For a pressurized fluidized bed the as received coal 
use rate, tons /hr, is: 


Tons /hr 


l-Moist2 ' 
1-Mo is tl 


(8.14) 


where Moistl and Moist2 are listed in Table 8.9 for the three types of 
coal considered. For a pressurized furnace the coal use rate is: 


Tons/hr = W^/ (1.0-Moistl) 


(8.15) 


where Moistl is also listed in Table 8. 
bed the total heat input of the plant Q 


9. For a pressurized fluidized 

^ ^ , is determined by: 
total ^ 


Qtotal (Tons /hr) HHV 


(8.16) 
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where HHV, the higher heating values of the three coals, are listed for the 
various moisture contents in Table 8.9. 


The gasification subsystem for a pressurized furnace plant re- 
quires heat for drying the coal, and process steam and air for the produc- 
tion of low-Btu fuel gas. It was assumed that these heating requirements 
were satisfied by the hot exhaust flue gas from the pressurizing combus- 
tor subsystem at the stack-gas cooler, Q 2 * When a gas economizer was 
used to add heat in the steam turbine subsystem, approximately half the 
heat available at the stack-gas cooler, Q 2 , was used to economize the 
feedwrater. The other half of Q 2 was assumed sufficient to satisfy the 
dirying and process heat requirements of the gasification subsystem. 


For a case where a gas feedwater heater was used in parallel 
with the extraction feedwater heater string, the process steam require- 
ment was not satisfied (see Table 8.6 Cases 14, 43, 44, 45, and 50). 

The process steam heat, Qpg» then was assumed to be an added thermal load 
on the pressurized furnace plant. The process steam rate, W^^, was de- 
termined as: 


ps' 


W = (W /W ) W 
ps ps a a 


(8.17) 


where (W /W^) > was calculated by the pressurizing combustor subsystem 
performance computer code for a pressurized furnace. 


The thermal load of the process steam, Qpg» was evaluated by: 


Q » W AH 
ps ps ps 


(8.18) 


where was the water enthalpy rise from the enthalpy at the steam 

condenser to the enthalpy of saturated steam at a saturation pressure 
1.5 times the pressurized furnace operating pressure. [For the appli- 
cable cases this saturation pressure was 1.5 times 1.520 MPa (15 atm), or 
is 2.28 MPa. (330 psi) abs.] Hence, for cases 14, 43, 44, 45, and 50 
of Table 8.6, the total heat input of the plant was: 
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"^total = (Tons/hr) HHV + Q 


ps 


(8.19) 


The gross plant cycle efficiency, > then, was given by: 

* vjITOSS 


’^Gross ^total^*^total 


( 8 . 20 ) 


where given by Equation 8.16 for PFB and by Equation 8.19 for PF. 

With the various subsystem flows evaluated, the parametric points of the 
liquid-metal subsystem components were sized for each of the parametric 
points of Table 8.6. 

8.4 Results of the Parametric Study 

8.4.1 Matrix of Component and Parameter Variations 

The work scope of this study required the metal vapor Rankine 
topping cycle to be investigated for a variety of furnace combustor types, 
fuel (coal types), cycle configurations, major cycle parameters, and 
power levels. The matrix of the 50 parametric points for the metal vapor 
Rankine topping cycle is shown on Table 8.6. Base Case 1, the pressurized 
fluidized bed, and Base Case 2, the pressurized furnace-gasifier system, 
are listed in Table 8.6 as Points 1 and 4, respectively. 

The first 39 cases served as a sensitivity study to determine 
the effects of component and parameter variation for a constant power 
level. This sensitivity study was then used to determine a preliminary 
optimum case by combining the components and parametric values which in- 
dividually provided the best cycle performance and which were estimated 
to be cost effective. This preliminary optimum cycle was used to deter- 
mine the effect of power level variation for a PFB plant (Points 40, 41, 

42, and 49) and a PF plant (Points 43, 44, 45, and 50). Points 46, 47, 
and 48 were used to study the effects of power-level variation and cesium 
as the working fluid in a PFB plant. 
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Table 8.10 - Effect on Cycle Performance of PFB and PF 

Plants for Parameter and Component Variation 


Component /Parameter 

Overall Energy Efficiency, % 

PFB 

Point No. 

PF 

Point No. 

Coal Type 

f 




Illinois No. 6 bituminous 

35.9 

1 

35.0 i 

4 

Montana subbltumlnous 

35.8 

2 

38.1 

5 

North Dakota lignite 

34.8 

3 

38.8 

6 

Recuperator Effectiveness 





e ■ 0.0 

35.9 

1 

35. o' 

4 

e ■ 0.7 

36.4 

7 

35.3 j 

9 

€ " 0.8 

36.4 i 

8 

35.4 i 

10 

Recirculation Ratio 

i 




25:1 

35.9 i 


35.0 


1:1 (once through) 

35.9 ' 

11 

35.0 

12 

Gas Feedwater Heater 

43.4 ! 

13 

40.9 

14 

Gas Economizer 

39.7 

i 

15 

38.8 

16 
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8.4.2 Effect of Furnace-Combustor Type 

The effect of fumace-combustor type (PFB and PF) on per- 
fortnance was investigated, while varying several other parameters 
and components. Table 8.10 lists the parameter and components varied for 
both furnace-combustor types and the resulting overall energy efficiency. 

In all cases except the Montana and North Dakota coal cases, the PFB 
shows a higher efficiency. The lower PF efficiency is due to the 90% 
efficiency of the Integrated gasifier producing low-Btu gas from the coal, 

8.4.3 Effect of the Gas Turbine Recuperator Effectiveness, c 

The effect of preheating air at the inlet to the furnace- 
combustor with the gas turbine exhaust was determined for recuperator 
effectiveness of e = 0.7 and e = 0.8. The addition of a recuperator to 
the PFB raised the air inlet temperature 33.3 and 38.9°K (60 and 70 °F) 
for an effectiveness of 0.7 and 0.8, respectively, over Base Case 1, 
which had no recuperation. The preheating reduced the required airflow 
and the power split in the cycle to improve the overall efficiency 
1.4% above Base Case 1. For the PF plant the air temperature was 
raised 38.9 to 44i4°K (70 to 80°F) for 0.9 and 1.1% efficiency improve- 
ment for effectiveness of e ■ 0.7 and e = 0.8, respectively. 

It was assumed that the recuperators would not be cost effecr 
tive for the small efficiency improvements. Furthermore, the 22.2 to 27.8°K 
(40 to 50 °F) drop in recuperator exhaust gas temperature would reduce 
the effectiveness of the gas— heated economizer and/or feedwater heaters 
and increase their cost. The recuperators were not, therefore, 
incorporated into the preliminary optimum. 
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8 . A . 4 Effect of Liquid-Metal Recirculation 


As shown on Table 8.6, both once-through and recirculating 
liquid-metal boiler subsystems were studied. The cycle efficiency for the 
once-through system was negligibly higher than the recirculating system. 
The liquid-metal recirculation pumps required 0.17 We (less than 0.015%) 
of the net power output. 

The once-through unit will cost less due to smaller liquid- 
metal Inventory, storage tanks, and the absence of recirculation pumps, 
piping, and vapor drum. The recirculation ratio of 2.5 to 1 was selected 
to avoid DNB and all its subsequent problems. Recirculation also pro- 
vides for easier control and a heated makeup inventory in case of loss of 
water flow for an)f reason. For these reasons the recirculating boiler 
system was selected for the preferred case. 

8.4.5 Effect of Exhaust Gas Feedwater Heaters and Economizers 

For Base Cases 1 and 2 the combustor pressurizing subsystem 
turbine exhaust gas was assumed to be used to provide process heat to 
other subsystems (such as process steam in the PF gasifier plant). In 
the case of the gas-heated feedwater heaters, all the heat available from 
the stack-gas coolers was transferred to the feedwater. 

The resulting cycle efficiencies of 43.4 and 40.9% for the 
PFB and PF, respectively, were the highest found. The PFB plant effici- 
ency increased 20.9% over Base Case 1; and the PF plant efficiency in- 
creased 16.9% over Base Case 2. The PF increase was not as large as the 
PFB case due to the gasifier process steam requirements. Because of the 
economizer exhaust gas temperature limitation Imposed by the final feed- 
water temperature of 529°K (492°F) , the exhaust gas transferred approxi- 
mately half the available stack-gas cooler energy to the gas-heated 
economizer. The performance improvement was still significant (half the 


EEPROItJ 


i iW' 


8-32 


amount of the feedwater heaters), 10.6% for the PFB and 10.9% for the PF. 
In the case of the PF the process steam requirements were supplied by the 
remaining available stack-gas cooler energy. 

It was assumed that incorporation of both the gas feedwater 
heater and the economizer would not be cost effective. The larger in- 
crease in overall efficiency due to the gas-heated feedwater heater was 
the basis for its selection as optimum. Preliminary calculations, how- 
ever, indicate that there is too much heat available in the gas feedwater 
heater with the assumed 529°K (492“F) maximum feedwater temperature. 

With this assumption the feedwater flow to the turbine extraction feed- 
water heater string is greatly reduced. The resulting low-pressure steam 
turbine exhaust flows are, therefore, larger than for full extraction 
machines, thereby causing large exhaust losses if the same low-pressure 
ends were chosen; or the use of larger, more costly ends if this is unac- 
ceptable. Reduced steam turbine efficiencies were assumed when a gas 
feedwater heater was incorporated. A logical optional approach would 
have been to remove the 529°K (492 "F) assumed maximum feedwater tempera- 
ture. 

8.4.6 Effect of Compressor Pressure Ratio 

Calculations x^ere performed for combustor pressurizing 
subsystem pressure levels of 0.506, 1.013, and 1.520 llPa (5, 10, and 
15 atm). The resulting overall energy efficiencies increased with in- 
creasing pressure ratio, as shox<m on Figure 8.9. On the basis of effici- 
ency, the 15-to-l compressor ratio was selected for the preliminary opti- 
mum plant. 

On the other hand, a compressor pressure ratio of 10 to 1 re- 
sults in a stack-gas cooler gas inlet temperature Sll^IC (100° F) higher 
than a 15-to-l pressure ratio. There is also approximately 22% more 
stack-gas cooler energy available to the more efficient steam turbine by 
means of the gas feedwater heater and/or gas economizer. The effect on 
overall energy efficiency for a compressor pressure ratio of 10 to 1 with 
a gas feedwater heater and/or a gas economizer warrants further investi- 
gation. 
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Overall Energy Efficiency, % 


Curve 683060-A 



Compressor Pressure Ratio, pc 


Fig. 8.9-Effect compressor pressure ratio on overall 
energy efficiency for a pressurized fluidized bed boiler 
plant 
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Similarly, the energy available to the steam turbine may be in- 
creased by preheating the air to the furnace combustor and lowering the 
compressor pressure ratio to 10 to 1. Under these conditions the 
condenser-steam generator heat available to the steam turbine increases 
approximately 10%. The stack-gas cooler heat available decreases accord- 
ingly. Reduction in the amount of gas feedwater heating is in the proper 
direction for obtaining the optimum flow split through the parallel gas 
feedwater and the extraction feedwater string (mentioned in Subsection 8.4,5) 

The present study has investigated the effects of individually 
and separately varying such components and parameters as recuperators, 
gas economizers, gas feedwater heaters, and compressor pressure ratios. 

The optimum plant configuration and parameters, however, can only be ob- 
tained by investigating the above parameters and components in combina- 
tion, a task beyond the scope of Task I of this study. 

8.4.7 Effect of Air Equivalence Ratio 


Three values of air equivalence ratio, c}i , were investigated. 

aXlT 

The minimum . of 1.2 for fluidized bed combustion was used for Base 
^air 

Cases 1 and 2. Additional values of used were 2.0 and 3.0. As 

shown on Figure 8,10, the overall energy efficiency decreases drastically 
as 4 . increases above 4 • =1.2. As the airflow increases, less 

energy is available to heat the liquid metal. At a 4^^^^. 1.2, approxi- 

mately 40% of the available heat is required to heat the air. At a 

of 2,0 almost 75%; and at a 4 • of 3.0 fully 90% of the heat available 
’ • ^air ^ 

is heating the air (see Figure 8.10). The base case - 1.2) was 

selected as optimum. 

8.4.8 Effect of Gas Turbine Inlet Temperature 


The maximum allowable fluidized bed temperature is 1283“K 
(1850°F) because of the desulfurization reaction. Therefore, the maximum 
gas turbine inlet temperature selected was 1255°K (1800“F) .• Turbine 
inlet temperatures of 1144 and 1200 °K (1600 and 1700° F) were also studied. 
The overall, energy efficiency increased as the gas turbine inlet tempera- 
ture decreased, as shown on Figure 8.11. The efficiency increased 6% as 



Overall Energy Efficiency, % 



Percent of Available Energy Absorbed by Combustor Pressurizing Subsystem 







Curve 68306A-A 



Gas Turbine Inlet Temperature, ®F 
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Fig. 8. 11 -Effect of gas turbine inlet temperature on 
overall energy efficiency for a pressurized fluidized 
bed boiler plant 
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Percent of Avaiiable Energy Absorbed by Combustor 
Pressurizing Subsystem, % 




the gas turbine inlet temperature was reduced from 1255 to 1144“ K (1800 
to 1600“F) . This improved efficiency was the result of reducing the per- 
centage of the total available energy absorbed by the combustor pres- 
surizing subsystem. As the gas turbine inlet temperature was lowered, 
more of the available energy was transferred to the more efficient steam 
turbine. Figure 8.11 also shows the percent of available energy absorbed 
by the pressurizing subsystem as a function of temperature. 

On the basis of overall efficiency the 1144 “K (1600“F) gas 
turbine inlet temperature was selected as optimum. As will be demon- 
strated in Subsection 8.6, however, a lower gas turbine inlet temperature 
at the same pressure ratio reduces the log mean temperature difference 
in the stack-gas coolers which transfer energy to the steam turbine feed- 
water, thus increasing the cost of electricity for this plant. The in- 
teraction of gas turbine inlet temperature with stack-gas coolers and 
recuperators is as significant as is compressor pressure ratio. Again, 
an optimum plant cannot be determined until the interaction of the para- 
meters and components of the combustor pressurizing subsystem has been 
investigated thoroughly. 

8,4.9 Effect of Metal Vapor Turbine Inlet Temperatures 

In studying the effect of liquid -metal temperature variation, 
a constant 166. 7“K (3p0"F) temperature difference was maintained from 
liquid-metal turbine inlet to the condenser-steam generator. The liquid- 
metal temperature variations investigated were 1033 “K inlet/866“K outlet 
(1400“F/1100“F), 1089“K/922“K (1500“F/1200“F) , and 1144“K/978“F (1600“F/ 
1300“F) . The effect of this variation on overall energy efficiency was 
negligible. The efficiency improved only 0.3% over the entire range 
(see Figure 8.21b). The Base Case 1 liquid-metal temperatures of 1033“K/ 
866“K (1400/1100“F) were selected for the preliminary optimum case. The 
lower temperatures tend to mitigate high-temperature material and develop 
ment problems . 

To fully appreciate liquid-metal system temperature variation 
effects, the effect of liquid-metal temperature differences should be 
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investigated. The liquid-metal turbine preliminary design calculations, 
however, indicated that the pressure drop through a moisture separator or 
reheater were unacceptable. Preliminary studies further indicated that 
internal moisture separation was not practical due to the low-turbine 
speeds. The liquid-metal turbine temperatures were based on these con- 
siderations and a maximum 10% moisture. Additional effort in the turbine 
design area should rectify these difficulties. 

8.4.10 Effect of Steam Throttle Temperature 

The steam throttle temperatures of 811, 866, and 922°K (1000, 
1100, and 1200°F) were investigated. Unlike the previous parameter vari- 
ations, the steam temperature was not varied separately but was varied 
with the liquid-metal temperature. In each case a 55.5°K (100°F) tempera- 
ture difference was assumed between the liquid-metal condensing tempera- 
ture and the steam turbine throttle temperature. The results of the 
steam turbine throttle temperature variations are, therefore, not com- 
pletely independent. 

The steam temperature was varied with steam pressure for both 
reheat and nonreheat turbines. As the steam temperature increases, the 
steam turbine Rankine cycle efficiency increases. Figure 8.12 illustrates 
the increase in overall energy efficiency as the steam temperature in- 
creases . 

The steam throttle temperature of 811°K (1000“F) was recommended 
for the preliminary optimum case. This decision was based on steam tur- 
bine and condenser-steam generator design considerations. Material and 
development problems are diminished at the lower temperature, as are com- 
ponent costs. 

8.4.11 Effect of Steam Throttle Pressure 

Variation of the steam throttle pressure was limited to one 
subcritical and one supercritical pressvire. The values of pressure in- 
vestigated were 16.547 and 24.132 MPa (2400 and 3500 psi) gauge. 

Figure 8.12 demonstrates the Rankine cycle principle that as pressure 
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Curve 683059-A 



1000 1100 1200 
Steam Throttle Temperature, ®F 

Fig. 8. 12- Effect steam throttle temperature on overall 
energy efficiency for a pressurized fluidized boiler plant 
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increases for a constant steam temperature, the steam turbine efficiency 
improves; and as steam turbine efficiency increases, the overall energy 
efficiency increases. In the nonreheat cases the overall efficiency in- 
creases better than 1.7% at a given steam temperature when the steam 
pressure increases from 16.547 to 24.132 liPa (2400 to 3500 psi) gauge. 

In the reheat cases, the improvement in overall energy efficiency is 
about 1.4%. 

The 24.132 MPa (3500 psi) gauge throttle pressure was selected 
on the basis of efficiency. It was also selected because, at 24.132 MPa 
(3500 psi) gauge, DNB and all its uncertainties are avoided in the 
condenser-steam generator. 

8.4.12 Effect of Nonreheat versus Reheat Steam Turbine 

Referring to Figure 8.12 shows the effect on overall efficiency 
as a function of pressure and temperature of the steam. For a given 
steam temperature, the overall efficiency improvement of reheat versus 
nonreheat is approximately a constant 2.5%, regardless of the temperature. 
The reheat cycle was selected for incorporation in the preliminary opti- 
mum. 

8.4.13 Effect of Working Fluid 

The effect of cesium versus potassium as the working fluid in 
the liquid-metal subsystem was studied only for the preliminary optimum 
case. It was assumed that cesium would not be competitive with potassium. 
The calculation of the preliminary optimum plant, however, resulted in an 
overall energy efficiency of 42.9% for the cesium and 42.4% for the 
potassium. 

The 1.2% efficiency advantage for cesium over potassium demon- 
strated that cesium is competitive with potassium. Final conclusions 
should not be made at this time due to the preliminary nature of the cal- 
culations and designs. Further effort is required, particularly in the 
turbine design. 
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Fig. 8. 13 -Flow sheet for a fluidized bed boiler plant 




8.4.14 Effect of Power Level 


No effort was made at this time to determine the effect on cycle 
performance for power variation. The efficiencies were assumed constant 
with power level to determine the effect of plant thermal rating on the 
cost of electricity. 

8.5 Capital and Installation Costs of Plant Components 

This section is divided into two segments: the first subsec- 

tion presents the method of component sizing; the second outlines the 
method of component costing. 

Component sizing and economic evaluation were performed by the 
various cognizant design groups for the metal vapor Rankine topping cycle 
subsystems. Flow schematics of the PFB and PF plant cycles are shown in 
Figures 8.13 and 8.14, respectively. The schematics show the cycle sub- 
systems as labeled blocks . 

The combustor pressurizing subsystem was sized and cost evalu- 
ated by the combustor-furnace and low-Btu gasifier design group (see 
Section 4). The combustor pressurizing subsystem consisted of cod 
handling and processing, compressor turbogenerator, the stack-gas cooler, 
the fluidized bed gasifier and boiler and related hot gas piping, and 
process air and steam piping, The steam turbine subsystem sizing and 
cost evaluation were performed by Westinghouse Large Turbine and Heat 
Transfer Divisions. The balance of plant was evaluated by Chas. T. Main, 
Inc. (see Section 2). The heat rejection subsystem was included in the 
assumptions of Section 2. 

The method of sizing and costing plant components for the 
liquid-metal subsystem and its related subsystems, as shown in 
Figure 8.15, are presented in this section. 

8.5.1 Method of Component Sizing 

8. 5. 1.1 Pressurized Fluidized Bed 

The sizing of the pressurized fluidized bed boiler, PFB, is 
covered in Section 4) • The liquid-metal considerations in the design 
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Fig. 8. 14-Flow sheet for a pressurized furnace plant cycle 
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Fig. 8. 15 “Flow sheet for the liquid metal turbine subsystem 



and sizing of the PFB were the heat required, Q^, as determined in Sub- 
section 8.3 by Equation 8.2. The overall heat transfer coefficient was 

assumed to be equivalent to the bed-side hent transfer coefficient 
2 2 

[83.8 W/m -°K (50 Btu/hr-ft -°F)]. The tube-side liquid-metal pressure 
drop was assumed to be equal to that of the pressurized furnace, approxi- 
mately 6% of the operating pressure. Finally, four PFB modules are 
assumed to be required for every 300 MWe of plant capacity. 

8. 5. 1.2 Pressurized Furnace 

The pressurized furnace, PF, design was an adaptation of the 
recirculating- type boiler proposed by A. P. Fraas (Reference 8.2). To 
ensure sufficient flow for a 2.5-to-l circulation ratio, a centrifugal 
pump provides the driving force in an external recirculation loop which 
headers the subcooled liquid metal into the bottom of the furnace. The 
cold feed passes through the headers into tube bundle clusters and rises 
up through the combustion chamber to an upper set of headers, The two- 
phase mixture leaving the PF enters a liquid-metal vapor drum. The vapor 
is separated from the saturated liquid and passed to the liquid-metal 
turbine. The saturated liquid passes to a mixing header, where it mixes 
with the cold liquid-metal feed coming from the condenser-steam generator. 

8. 5. 1.3 Liquid -Metal Vapor Drum 

The liquid-metal vapor drum was sized on the assumption that 
under the worst transient surge the drum will never be more than two- 
thirds full of iiquid, and that under normal conditions it is approxi- 
mately half-filled with liquid. The Clinch River Breeder Reactor Plant 
(CRBRP) steam drum was sized on these criteria. The transient time of 
the saturated water in the CRBRP steam drum was calculated to bs 60 s 
(1 min). It was then assumed that the worst transient surge in a liquid- 
metal topping cycle would not be as severe as in CRBRP, so the transit 
time for the liquid-metal drum was assumed to be half that of CRBRP, or 
30 s (0.5 min). The volume of the drum, Vol^, was then determined by: 


Vol, 

a 


2(RC - 1) t 


( 8 . 21 ) 
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where RC is the circulation ratio; is the total metal vapor mass flow 
rate to the turbine; is the number of vapor drums; is the density 
of saturated liquid metal; and t is the transit time. 

8. 5. 1.4' Liquid-Metal Vapor Turbine 

The liquid -metal vapor turbine design was limited by available 
technology for large disk forgings of superalloys and refractory alloys. 

To compensate for the size limitations, the liquid-metal turbines are 
assumed to be modularized, double-flow units with built-up rotors. The 
rotors are similar to aircraft gas turbines, built up of disks and spacer 
rings rather than of a single-solid forging. The material candidates for 
the liquid-metal vapor turbine are discussed in Subsection 3.7, as arc 
the bearing and shaft seal techniques. 

The potassium turbine was designed (see Figure 8.16) as a 
25 M\^e, four-stage, double-flow, 1800 rpm turbine with a 1.83 m (6 ft) 
disk. Each generator is a four-pole, 1800 rpm machine rated at 30 MVA. 

The efficiencies assumed for the four stages of the potassium turbine were 
82, 81, 79, and 75%, respectively. In the preliminary design the cesium 
turbine was assumed to have only two stages with similar power rating. 

Its efficiency was assumed to be 76%. 

For the base case plant rating of 1200 MWe there are two 
liquid-metal turbines in tandem in each of the four liquid-metal loops, 
for a total of eight turbines. Since each turbine is double flow, the 
single condenser-steam generator in each loop would have four Inlets. 

8. 5. 1.5 Metal Vapor Condenser-Steam Generator 

Steam condensers for power plants are not designed in accord- 
ance with the ASME Unfired Pressure Vessel code. This is probably be- 
cause the design pressure of such units is not over 105.4 kPa (15 psi) . 

In the case of a potassium condenser, however, the hot potassium vapor is 
a lethal and flammable fluid, and liquid potassium reacts violently with 
water. For these reasons it is recommended that the potassium condenser 
vessel be designed in accordance with Section VIII (Unfired Pressure 
Vessels) . 
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Fig. 8. 16— Longitudinal section of a potassium turbine 
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The design of power plant steam condensers is based upon the 
use of straight condenser tubing, the most economical form. The long 
straight tubes are supported at intervals by drilled plates. These large 
rectangular plates also serve as stays, or braces, for the flat condenser 
wall plates. Thus, the condensers are good for full vacuum but very 
little internal pressure. The slight differential expansion between the 
tubes and shell is taken up by the flexing of a flat steel membrane at 
one tubesheet . 

In attempting to transpose such a design to a potassium vapor 
condenser operating at 811 to 978"K (1000 to 1300°F) , generating high- 
pressure superheated steam within the tubes , many fundamental problems 
are encountered. The tubesheet thicknesses become prohibitive if conven- 
tional steam condenser tube spacing is used; if compact tube bundles are 
used, however, vapor velocities entering the tube bundle exceed sonic 
values . 

To overcome these problems and at the same time allow for tube 
expansion, the condenser configuration shown in Figure 8.17 is recom- 
mended. The tube bundle is basically cylindrical, with the core of the 
cylinder large enough to avoid direct vapor impingement from the wet tur- 
bine exit vapor, moving at around 243.8 m/s (800 ft/s). Metal droplets 
at such velocities would most likely erode the tubes. 

The tubes in the bundle are closely spaced radially, but are 
separated 11.43 to 15.24 cm (4-1/2 to 6 in) axially, 15.24 cm (6 in) for 
the lowest pressure [16.55 kPa (2.4 psi) abs] and 11.43 cm (4-1/2 in) 
for the higher pressures. For the 978°K (1300“F) designs the radial 
depth of the bundle has been increased because of the much greater driving 
head available on the potassium side. 

The cylindrical tube bundle is' surrounded by a spherical shell, 
which is recommended for two reasons: first, it is the only configura- 

tion which does not require stiffening rings in accordance with the ASME 
code. External stiffening rings are technically unar^c.eptable because of 
excessive thermal stresses and consequent warping; and internal 
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Fig. 8. 17“ Liquid metal condenser/steam generator 



stiffening rings would interfere with drainage, complicate the bundle 
supports, and decrease usable volume. Second, a sphere is the most eco- 
nomical of material, being basically half the thickness of the corres- 
ponding cylinder. Another important reason for the use of a spherical 
shell is the large inherent reserve on allowable internal pressure. 

Thus , to meet full vacuum (as specified in the Code) the wall thickness 
required results in an allowable internal pressure of about 0.517 MPa 
(75 psi) gauge, which means that there is virtually no possibility of a 
condense',' rupture due to a potassium-water reaction. 

Since the condenser, as a pressure vessel, must be provided 
with pressure relief; since this pressure relief must be in the form of 
a vacuum-supported rupture disk; and since the rupture disk must operate 
below the creep temperature [700°K (800“F)], the rupture disk must be at 
the bottom of a liquid potassium pool. In the design shown in Figure 8.17 
these conditions are met by providing a stagnant pool of potassium in the 
condenser drain line to act as an insulation layer. This pool also 
should act as a trap for water should a large water leak occiir. The re- 
sulting potassium-water reaction will rupture the disk, but the bulk of 
the potassium will be retained in the hot-well storage tank. 

The header-type tube bundles will be assembled externally to 
the shell, with all welding done on the outside. The completed tube 
bundle would be lowered into a hemisphere, a second hemisphere lowered 
into place, and the girth seam welded. Repairs to the bundle would be 
made by entering the condenser through a manway. 

The steam generating tubing is designed in accordance with the 
procedures for Unfired Pressure Vessels, Section VIII, Part I, with the 
exception of the HA-188 tubing, which is not a Code-recognized material. 
The stress values used for the HA-188 tubing, however, are based upon the 
same criteria as are Code-allowable stress values (Reference 8.3). 

Although the temperature gradient across the tube walls in some 
portions of the boiler-condenser was high, with consequent high thermal 
stresses, the practical effect of such conditions on the design will 
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Case 

No. 

Humber of Tubes 

Heat Transfer Area 

Sphere 

Diameter, ft 

Tubes 

Steam Generator 

Evaporator 

Superheater 

Reheater 

steam 

Generator 

Reheater 

ID 

OD 

Material 

1 

386 

642 


10,600 


27.2 

0.625 

0.858 

800 H 

2 

372 

619 


10,230 


26.8 

0.625 

0.858 

800 H 

3 

360 

600 


9,890 


26.3 

0.625 

0.858 

800 H 

4 

383 

638 


10,530 


27.2 

0.625 

0.858 

800 H 

5 

383 

639 


10,560 


27.2 

0.625 

0.858 

800 H 

6 

384 

640 


10,580 


27.2 

0.625 

0.858 

800 H 

7 

390 

650 


10,730 


27.4 

0.625 

0.858 

800 H 

8 

390 



10,730 


27.4 

0.625 

0.858 

800 H 

9 

386 

643 


10,610 


27.3 

0.625 

0.858 

800 H 

10 

386 

643 


10,610 


27.3 

0.625 

0.858 

800 H 

11 

386 

643 


10,600 


27.2 

0.625 

0.858 

800 H 

12 

383 

638 


10,530 


27.1 

0.625 

0.858 

800 H 

13 

390 

650 


10,730 


27.4 

0.625 

0.858 

800 H 

14 

374 

623 


10,292 


26.8 

0.625 

0.858 

800 H 

15 

365 

608 


10,040 


26.5 

0.625 

0.858 

800 H 

16 

363 

605 


9,985 


26.4 

0.625 

0.858 

800 H 

17 

379 

632 


10,434 


26.7 

0.625 

0.858 

800 H 

18 

377 

628 


10,374 


26.7 

0.625 

0.858 

800 H 

19 

302 

503 


8,315 


24.1 

0.625 

0.858 

800 H 

20 

179 

298 


4,926 


18.6 

0.625 

0.858 

800 H 

21 

412 

687 




28.1 

0.625 

0.858 

800 H 

22 

399 

665 




27.7 

0.625 

0.858 

800 H 

23 

385 

642 


10,570 


27.2 

0.625 

0.858 

800 H 

24 

384 

639 


10,544 


27.1 

0.625 

0.858 

800 H 

25 

388 

658 


13,085 


24.0 

0.625 

1.06 

800 U 

26 

317 

529 




21.0 

0,625 

0.963 

HA-188 

27 

325 

475 

200 

8,248 

5,580 

26.7 

0.625 

0,858 

800 H 

28 

375 

625 

200 

10,114 

5,600 

25.8 

0.53 

0.750 

800 H 

29 

250 

420 

200 

8,301 

6,445 

25.0 

0.625 

0.963 

HA-188 

30 

360 

600 


8,473 


24.5 

0.625 

0,788 

800 H 

31 

331 

551 


9,714 


21.0 

0.625 

0.911 

800 H 

32 

300 

500 


7,786 


20.2 

0.625 

0.856 

HA-188 

33 

300 

500 

200 

8,200 

5,948 

26.7 

0.625 

0.788 

800 H 

34 

276 

460 

200 

8,070 

5,650 

24.1 

0.625 

0.911 

800 H 

35 

248 

414 

200 

6,452 

6,555 

22.6 

0.625 

0.856 

HA-188 

36 

355 

592 


9,770 


26.1 

0.625 

0,788 

800 H 

37 

375 

625 


10,310 


26.8 

0.625 

0.788 

800 H 

38 

379 

632 


10,430 


26.7 

0.625 

0.858 

800 H 

39 

402 

670 


11,040 


27.8 

0.625 

0.858 

800 H 























depend upon the number of such temperature cycles, since thermal stresses 
are considered to be transient. Such transient conditions must be con- 
sidered in a subsequent study phase. 

In calculating the heat transfer, the mass velocity and inside 
diameter of the tubes were held constant, not only to simplify the calcu- 
lations but also to minimize random variations in results. Also, for the 
866°K (1100°F) vapor-condensing temperature, sphere size was considered 
to vary as the square root of surface, rather than as the cube root. In 
other words, the radial thickness of the tube bundle was held constant. 
This was done to hold condensing vapor pressure drop to a constant value. 
For the higher condensing pressures and temperatures, a more compact 
bundle was assumed, but space was allowed so that all welding could be 
done from outside the bundle. See Table 8.11 for the tube bundle design 
summary . 

Tubing costs were based on communications with International 
Nickel Co., Huntington, West Virginia, for Incoloy 800 H; and Stellite 
Division at Kokomo, Indiana, for HA-188. Tubing costs are probably some- 
what low, however, as costs were not quoted to a definite specification. 
Even if tubing costs were doubled, though, the overall cost of the boiler- 
condenser would not be greatly affected, as tubing material was rarely 
more than 10% of the calculated overall condenser cost. 

The basic heat transfer tube material chosen was Incoloy 800 H, 
because it is resistant to chloride and caustic stress-corrosion crack- 
ing. For temperatures over 922°K (1200“F), however, the strength of 
Incoloy 800 H falls to such a low value that HA-188 material is more 
economical for the high-pressure applications. 

For the reheaters, where the pressure is low, Incoloy 800 H 
can be used for all cases. While Croloy might be considered for reheater 
tubing, it is very doubtful that a transition weld could be fabricated 
that would withstand the temperature cycles, and the steam-side corrosion 
rate would be excessive. 
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For the spherical shell, Type 316 SS material is the most eco- 
nomical, as it results in a greater than 10% wall-thickness saving as 
compared to Type 304, thus negating the cost advantage of Type 304. 

Incoloy 800 H must be used for the spherical shell, however, as it is the 
only material acceptable for external pressure at design temperature 
[978“K (1300“F)] under the ASME Pressure Vessel Code. 

8. 5. 1.6 Liquid-Metal Condenser Hot Well 

Ordinarily, the hot wells were assumed to be within the con- 
denser shell. For the purpose of mitigating liquid metal/water reaction 
the liquid-metal condenser hot well was placed outside the condenser 
shell, as shown in Figure 8.17. This separation minimizes the possibi- 
lity of the bulk of the saturated liquid metal coming into direct contact 
with water in the event of a steam-tube leak or rupture, and mitigates the 
potential severity of the liquid metal/water reaction. It reduces the 
possible damage due to the liquid-metal reaction, reduces the amount of 
liquid -metal inventory which must be dumped, and shortens cleanup and re- 
commissioning time. 

The hot well was sized to hold a minute's worth of liquid metal 
at 60% of the capacity available (see Equation 8.21). This excess 
volume allows for thermal expansion of the liquid metal and eliminates 
the need for expansion tanks in the liquid-metal loop. 

8. 5. 1.7 Liquid-Metal Dump Tank 

The four liquid-metal dump tanks were sized to accommodate the 
reaction products of a liquid metal/water reaction in the condenser-steam 
generator. This accident was assumed to produce the worst pressure surge 
and largest quantity of reaction products to the dump tank. Each dump 
tank hold-up volume was evaluated for a minute of normal hot-well mass 
flow of saturated liquid at the rupture disk design pressure of 0.207 MPa 
(30 psi) gauge. 

As mentioned in Subsection 8. 5, 1.6, the liquid-metal hot well 
has been removed from the condenser shell to reduce the surface area of 
liquid metal in the event of a steam-tube rupture. The design of the 


:■ 
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condenser drain line in Figure 8.17 shows the stagnant pool of liquid 
metal above the rupture disk in the condenser dump line and the smaller 
drain line to the hot well which runs off the dump line at a right angle. 

In the event of a large tube leak or tube rupture, the water will collect 
in the stagnant pool, and the pressure rise due to the liquid metal/ 
water reaction will rupture the disk. The reaction products will flow to 
the dump tank. The bulk of the liquid metal is relatively uncontaminated 
while it is drained to the storage tank where it is processed to remove 
any impurities . 

Each dump tank liquid hold-up is 70% of its capacity. A small- 
fraction of the capacity is filled with a matrix of metal rods which acts 
as a condensing surface for the entering vapor. The remaining capacity, 
30%, is for . expansion. 

The dump tank is equipped with a vent line to blow off the hy- 
drogen produced by the reaction. A scrubber to remove liquid-metal/water 
reaction products and a flame suppressor will be provided in the vent line. 

8. 5. 1.8 Liquid-Metal Pumps 

The liquid-metal feed or condensate pump in each of the four 
loops was assumed to be a- free surface centrifugal type, similar to the 
intermediate system pumps of the Fast Fj-ux Test Facility (FFTF) and CRBRP. 
The pump operates at the temperature of the liquid-mstal condensate. The 
pump head was calculated equivalent to the sum of the frictional losses 
in the vapor and feed piping,’ the turbine pressure loss, and the static 
head due to the hot well to mixing header elevational difference [10.1 m 
(y 30 ft)]. 

In the once- through liquid-metal subsystem design the feed pump 
head had the additional requirement of making up the -single-: and two-phase 
total pressure losses of the liquid-metal vapor generator. 

In the recirculation liquid-metal subsystem design, recircula- 
tion pumps were assumed to make certain that sufficient head was available 
to provide a 2.5-to-l circulation ratio in each of the four loops. The 
circulation pumps operate at the temperature resulting from the mixture of 
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one and one-half parts saturated liquid from the liquid-metal vapor drum, 
which is 167“K (300°F) hotter than the one-part condensate liquid. For 
conservatism the entire vapor generator pressure drop was assumed to be 
in the two-phase region. Additional conservatism was added by neglecting 
static heads. The circulation pump head was calculated as the sum of the 
frictional loss from the mixing header to the boiler inlet, and the two- 
phase friction (Reference 8.4) and momentum losses of the boiler and ex- 
haust piping to the vapor drum. 

Table 8.12 lists the ranges of pump capacities and total 
developed heads calculated for the various system configurations, 
operating parameters, and working fluids. The frictional and momentum 
pressure losses of the pressurized fluidized bed vapor generator was 
assumed equal to those of the pressurized furnace. 

Table 8.12 - Range of Pump Performance Characteristics 


Pump 

Working 

Fluid 

1 

Capacities , 
gpm 

Total 1 
Developed , 
Head, ft j 

Pump 

Power 

kWe/Pump 

Feed Pump 

K 

4,400 to 5,600 

70 to 170 

50 to 150 


Cs 

7,400 

80 

200 

Recirc . Pump 

K 

11,000 to 14,500 

12 to 21 

25 to 50 


Cs 

19,000 

i 1 

9 

60 

1 


8 . 5 . 1 . 9 Llquid-Hetal Piping 

The liquid-metal piping was assumed to be welded pipe conform- 
ing to Section VIII of the ASME Pressure Vessel Code. Piping material 
selection was based on the recommendation of Subsection 3.7 of this report 
(see Table 3.39), with the exception that 316 SS was used for all cold-leg 
piping . 

The cold-leg liquid piping was sized on the basis of a 7.62 m/s 
(25 ft/s) flow velocity, for both feed and recirculation piping. The 


8-56 









two-phase piping from the furnace to the drii® was based on a flow velo- 
city of less than 3.05 m/s (10 ft/s), and the vapor piping at 182,9 m/s 
(600 ft/s) flow velocity. Smooth pipe friction factors were assumed. 

Table 8.13 shows the various sizes and lengths, assumed for the 
liquid-metal piping. 

Table 8,13 - Liquid-Metal Loop Piping Dimensions^ 



Outside 

Diameter, 

in 

Number 

per 

Plant 

Total 

Length, 

ft 

Feed Piping 

9 (12)^ 

4 

800 

Recirc. Piping 

10 (14)^ 

8 

500 

Two -Phase 




Piping 

30 

16 

400 

Vapor Piping 

72 

8 

1600 


^all thickness with operating conditions and material 
according to Section VIII Unfired Pressure Vessel. 

^Cesium. 


8.5.1.10 Liquid-Metal Storage Tanks 

The liquid-metal storage tanks in each loop were sized to hold 
the entire liquid-metal inventory plus 20% at the liquid-metal turbine 
inlet temperature. The outside diameter and length were limited to 3.65 
and 10.67 m (12 and 35 ft), respectively, to allow for shipment by normal 
routing and placement below the condenser-steam generator hot-well tank. 

Four separate tanks were employed to allow for the appropriate 
sizing of each tank and to reduce the quantity of potassium in each con- 
tainer, thus diminishing the risk of a major spill or leak. 

The tanks also act as dump tanks in the event of a sudden in- 
crease in oxygen level. The system purity is continuously monitored by 
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oxygen meters. In the event of a liquid metal/water reaction in the con- 
denser and rupture of the rupture disk described in Subsections 8i5.1.6 
and 8. 5. 1.7, the condenser exhausts to the dump tank while the rest of 
the loop components drain to the storage tank. This minimizes the con- 
tamination of the bulk of the loop liquid metal and permits leak tests 
to determine the location and extent of damage. The system is designed 
to drain by gravity to the storage tank. Separate lines from the major 
loop components are sized to gravity drain in a minimum of time. 

These lines and their valving will be designed to eliminate failure due 
to thermal shock. The tanks will be maintained at some intermediate tem- 
perature to avoid thermal shock damage by a continuous bleed -and -feed 
line. This bleed -and-feed line will be plumbed to a hot trap to purify 
the liquid metal in the event of an emergency dump. 

Since the tank must be located at the lowest elevation in the 
system, a lined concrete pit was selected. 

8.5.1.11 Liquid-Metal Inv e ntory 

The liquid-metal inventory was determined as the sum of the 
liquid -metal hold-up of the furnace-boiler, the vapor drum, the vapor 
ducting, the hot-well tank, the liquid feed piping, and recirculation 
piping. For conservatism 20% was added to account for liquid metal in 
the vapor turbines, the condenser-steam generator, the impurity monitor- 
ing system, and the receiving and processing system. 

Table 8.14 represents the inventories calculated for the two 
liquid metals considered and for once-through and recirculating liquid- 
metal systems. Adjustments were made for the liquid-metal inventory re- 
quirements of other cases. The inventories were corrected by the ratio 
of the liquid-metal flow rate of the case being considered to the liquid- 
metal flow rate of the appropriate reference case. The flow ratio cor- 
rection was applied only to that 64% of the total inventory which is 
flow-rate dependent (drum and hot-well hold-up volumes). 



Table 8.14 - Liquid-Metal Inventories, lb 



Potassium 

Cesium 

1 


Recirc. 

j Once-through 

1 - 

Recirc . 

Once-through 

PF and PFB 

80,000 

1 

80,000 

176,500 

176,500 

Main Piping 

15,500 

15,500 

51,000 

51,000 

Recirc . Piping 

24,300 

— 

65,900 

— 

Drum 

90,000 

— 

476,500 

1 

— 

Hot Well 

120,000 

122.000 
1 

381,200 

381,200 


329,800 

217,500 

1,151,100 

608,700 

Miscellaneous 

(20%) 

66,000 

i 

43.500 

230,200 

121,700 

Total Inventory 

395,800 

261,000 

1,381,300 1 

730,400 


8.3.1.12 Plant Arrangement and Component Modularization 
As discussed in Subsection 8.5.1.10, the liquid-metal storage 
tanks were modularized for ease of placement, shipment, and reduction of 
liquid-metal volume in the event of a leak or spill. This is true of all 
the liquid-metal tanks and drums. The liquid-metal turbines were modu- 
larized to compensate for the current technological inablli'cy to forge 
large disks of superalloys and refractory alloys. 

The number of modules of the various components and the plant ar- 
rangement were selected to allow for partial plant operation. By proper 
component sizing, arrangement, and plumbing, a loop consisting of a com- 
bustor pressurizing subsystem and a liquid-metal subsystem can operate 
totally independently of other such loops to provide steam to a single 
steam turbine subsystem. Such an arrangement provides the flexibility for 
partial plant operation, which significantly increases the plant availabi- 
lity. 
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Table 8.15 - Pressurized Fluidized Bed Cost Data 


Point 

No, 

Parameter 

Variation 

Airflow, 

Ib/s 

AFR 

(W^/Wj^)°-8 

Reference 

Case 

Cost 

X 10-3, $ 

Units 

Required 

1 

Base Case 1 

716 

1.00 

1 

23.277 

4 

2 

Subbituminous 

722 

■SRH 

2 

20.875 

4 

3 

Lignite 

741 

1.00 

3 

22.412 

4 

7 

e - 0.7 

710 

0.993 

1 

23.3 

4 

8 

e - 0.8 

710 

0.993 

1 

24.3 

4 

11 

RC - l!l 

716 

1.00 

1 

23.3 

4 

13 

GFWHTR 

596 

0.863 

1 

20.1 

4 

15 

gas ECON 

645 

0.920 

1 

21.4 

4 

17 

PR - 5 

810 

1.00 

17 

32.202 

4 

18 

PR - 10 

740 

1.00 

18 

24.998 

4 

19 

i - 2.0 

641 

1.00 

19 

12.413 

B 

20 

<|. - 3.0 

712 

1.00 

20 

11.153 

12 

21 

TG “ 1600 'F 

680 

0.988 

22 

23.653 

4 

22 

TG - 1700'F 

690 

1.00 

22 

24.352 

4 

23 

TK - 1500°F/1200°F 

716 

1.00 

23 

23.882 

4 

24 

TK - 1600°F/1300”F 

710 

1.00 

24 

28.236 

4 

25 

3500 pslg/1100°F 

700 

0.982 

23 

23.454 

4 

26 I 

3500 pslg/1200"F 

690 

0.977 

24 

27.6 

4 

27 

3500/1000/1000* 

700 

0.982 

1 

22.9 

4 

28 

3500/1100/1100* 

690 

0.971 

23 

23.2 

4 

29 

3500/1200/1200* 

673 

i 0.958 

24 

27.1 

4 

30 

2400 psig/1000°F 

722 

1.007 

1 

23.46 

4 

31 

2400 p8lg/1100°F 

716 

1.00 

23 

23.9 

4 

32 

2400 psig/1200°F 

700 

0.989 

24 

27.9 

4 

33 

2400/1000/1000* 

710 

0.993 

1 

23.72 

4 

3m 

2400/1100/1100* 

700 

0.982 

23 

23.46 

4 

35 

2400/1200/1200* 

680 

0.966 

24 

27.3 

4 

36 

2400/2 In Hg abs 

716 

1.00 

1 

23.3 

4 

37 

2400/9 in Hg abs 

756 

1.044 

1 

24.335 


38 

3500/2 in Hg abs 

70C 

0.982 

1 

22.9 


39 

3500/9 in Hg abs 

740 

1.027 

1 

23.9 

4 

40 

600 MWc 

566 

1.00 

49 

23.653 

2 

41 

900 MWe 

566 

1.00 

49 

23.653 

3 

42 

1500 MWe 

566 

1.00 

49 

23.653 

5 

46 

Cs, 1200 MWe 

582 ^ 

1.00 

46 

23.68 

4 

47 

Cs, 600 MWe 

5S2 

1.00 

46 

23.68 

2 

48 

Cs, 1500 MWe 

582 

1.00 

46 

23.68 

5 

49 

1200 MWe 

566 

1.00 

49 

23.653 

4 


%slg/°F/°F 


8-60 

JlvX-i'^ xi-'~ - 












For this study four loops were selected as the basis of compo- 
nent sizing and arrangement. 

8.5.2 Method of Component Cost Evaluation 
8. 5. 2.1 Pressurized Fluidized Bed 

The cost evaluation of the pressurized fluidized bed (PFB) is 
covered in Section 4. For the liquid-metal vapor Rankine topping cycle 
study twelve PFB cases were sized and costed on the basis of the heat 
load required by the liquid metal, the gas turbine inlet temperature, the 
gas turbine compression ratio, and the air equivalence ratio. Among the 
twelve cases were the costs of the PFB for the three different fuels 
(Points 1, 2, and 3), the variations in compressor pressure ratio 
(Points 17 Sind 18), the air equivalence ratio (Points 19 and 20), gas 
turbine iulet temperature (Point 22) , liquid-metal temperatures (Points 23 
and 24), and the preliminary optimum plants with potassium (Point 49) and 
cesium (Point 46) as the working fluid. For cases where the above vari- 
ables were similar, the cost of the PFB was determined by: 

$' « (AFR)($) (8.22) 

where 


AFR = (W '/W )^’® 
a a 


(8.23) 


where $' » cost of new PFB 

$ ■ cost of reference PFB 

= compressor airflow rate of reference PFB (Ib/s) 

W^’ = compressor airflow rate of new PFB (Ib/s). 

Table 8.15 lists the point number, the compressor airflow, the 
AFR installed costs per unit PFB, and the number of units per plant. 
There are four PFB modules per unit. The cost of materials and the cost 
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of installation per unit was determined to be 64 and 36%, respectively, 
of the installed cost per unit. 

8 . 5 . 2 . 2 Pressurized Furnace 

The pressurized furnace (PF) (Base Case 2, Point 4) was adapted 
from the design proposal of A. P. Fraas in 1973. The thermal duty per 
furnace of Base Case 2 is 20% higher than the Fraas proposal. The header 
drums, downcomer pipes, and vapor separator incorporated inside the 
Fraas furnace are external to the Base Case 2 PF design. Thus, the total 
furnace and boiler weight of the Fraas design was considered conservative 
for the Base Case 2 PF total weight. 

The material cost of the Base Case 2 PF was determined by ap- 
plying a $22. 05/kg ($10/lb) cost of material. This figure is comparable 
to the Installed cost of fossil-fired boilers. To be conservative, an ad- 
ditional 20% was included to the Base Case 2 PF as installation because 
of the liquid-metal environment. It is assumed that this estimate is ac- 
curate within 25%. 

For the other PF cases calculated, the cost of material and 
cost of installation were corrected according to the ratio of unit thermal 
ratings as in Equation 8.22. The thermal rating ratio (TRR) replaced AFR 
in Equation 8.23 and is defined as: 

TRR - 

where Q, is the unit thermal rating in Btu/hr and is the reference unit 

1. .K. 

thermal rating. 

Table 8.16 lists the costs of materials and Installation per 
furnace, the point number, the furnace thermal rating ratio, and the total 
number of furnaces . 
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Table 8.16 - Pressurized Furnace Costing Data^ 


Point 

Mo. 

Parameter 

Variation 

Unit 
Thermal 
Rating x 
10“^, Btu/hr 


Material 

Cost 

X 10“^ , $ 

Install 

Cost 

X 103, $ 

Number 

Units 

4 

Base Case 2 

0.819 

1.00 

2200 

450 

8 

5 

Subbituminous 

0.820 

1.00 

2200 

450 

8 

6 

Lignite 

0.822 

1.00 

2200 

450 

8 

9 

e = 0.7 

0.827 

1.00 

2200 

450 

8 

10 

£ = 0.8 

0.827 

1.00 

2200 

450 

8 

12 

RC » 1:1 

0.819 

1.00 

2200 

450 1 

8 

14 

GFWHTR 

0.676 

0.858 

1900 

390 

8 

16 

Gas 

0.740 

0.922 

2000 

415 

8 


Economizer 






43 

600 M^e 

0.756 

0.938 

2100 

420 

4 

44 

900 MWe 

0.756 

0.938 

2100 

420 

6 

45 

1500 MWe 

0.756 

0.938 

2100 

420 

10 

50 

1200 MWe 

0.756 

0.938 

2100 

420 

8 


^Reference Costs: Material $2,200,000 


Installation $450,000. 

8. 5. 2. 3 Combustor Pressurizing Subsystem 

The combustor pressurizing subsystem cost evaluation is detailed 
in Section 4. This includes recuperators, gas-heated economizers, and 
feedwater heaters, hot gas piping and the pressurizing gas turbine gene- 
rators which were cost evaluated by the combustor-furnace, and low-Btu 
gasifier design groups for a pressurizing gas turbine generator air inlet 
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Table 8.17 - Combustoc Pressurizing Subsystem Costs 


Point 

No. 

(W,/650)°-® 

Recuperator 
Cost X 10"*, $ 
Reference/Actual 

Stack-Gas Cooler 
Cose X 10”6, $ 
Reference/Actual 

Hot Gas Piping 

X 10-6, $ 

Ref erenceMc tual 

Pressurizing 
Gas Turbine 
Generator x 10“6, $ 
Reference/Actual 

1 

1.08 





2.0 

2.2 

6.7 

7.2 

2 

1.088 





2.0 

2.0 

6.7 

7.29 

3 

1.11 





2.0 

2.2 

6.7 

7.44 

4 

1.061 





2.0 

2.0 

6.7 

7.1 

5 

1.049 





2.0 

2.0 

6.7 

7.03 

6 

1.0367 





2.0 

2.0 

6.7 

6.95 

7 

1.073 

1.9 

2.0 



2.0 

2.1 

6.7 

7.2 

8 

1.073 

3.2 

3.4 



2.0 

2,1 

6,7 

7.2 

9 

1.049 

2.5 

2.6 



2.0 

2.0 

6.7 

7.03 

10 

1.049 

4.3 

4.5 



2.0 

2.0 

6.7 

7.03 

11 

1.08 





2.0 

2.2 

6,7 

7.2 

12 

1.06 





2.0 

2,1 

6.7 

7.1 

13 

0.933 



1.7 

1.6 

2.0 

1.9 

6.7 

6,2 

14 

0.91 



. 1.7 

1.54 

2.0 

1.8 

6.7 

6.1 

15 

0.994 



1.7 

1.7 

2.0 

2.0 

6.7 

6.7 

16 

0.975 



1.7 

1.66 

2.0 

1.9 

6.7 

6.6 

17 

1.19 







5.7 

6.8 

18 

1.11 







5.9 

6.5 

19 

0.994 







6.7 

6.6 

20 

1.073 







6.7 

7.2 

21 

1.0367 





1.8 

1.86 

6.5 

6.7 

22 

1.049 





1.9 

2.0 

6.6 

6.9 

23 

1.080 





2.0 

2.2 

6.7 

7.2 

24 

1.073 





2.0 

2.1 

6.7 

7.2 

25 

1.061 





2.0 

2.0 

6.7 

7.1 

- 26 

1.049 





2.0 

2.0 

6.7 

7.03 

27 

1.061 





2.0 

2.0 

6.7 

7.1 

28 

1.049 





2.0 

2.0 

6.7 

7.03 

29 

1.0367 





2.0 

2.0 

6.7 

6.9 

30 

1.088 





2.0 

2.2 

6.7 

7.3 

31 

1.08 





2.0 

2.2 

6,7 

7.2 

32 

1.061 





2.0 

2.1 

6.7 

7.1 

33 

1.073 





2.0 

2.1 

6.7 

7.2 

34 

1.061 





2.0 

2.1 

6.7 

7.1 

35 

1.0367 





2.0 

2.0 

6.7 

6.95 

36 

1.08 





2.0 

2.2 

6.7 

7-2 

37 

1.128 





2.0 

2.2 

6.7 

7.5 

38 

1.061 





2.0 

2.1 

6.7 

7.1 

39 

1.11 





2.0 

2,2 

6.7 

7.4 

40 

0.925 



1.5 

1.390 

1.6 

1.6 

6.5 

6.0 

41 

0.925 



1.5 

1.390 

1.8 

1.6 

6,5 

6.0 

42 

0.925 



1.5 

1.390 

1.8 

1.6 

6.5 

6.0 

43 

0.895 



1.5 

1.340 

1.8 

1.6 

6.5 

5.8 

44 

0.895 



1.5 

1.340 

1.8 

1.6 

6.5 

5,8 

45 

0.895 



1.5 

1.340 

1.8 

1.6 

6.5 

5.8 

46 

0.915 



1.5 

1.37 

1.8 

1.6 

6,5 

5.9 

47 

0.915 



1.5 

1.37 

.1.8 

1.6 

6,5 

5.9 

48 

0.915 



1.5 

1.37 

1.8 

1.6 

6.5 

5.9 

49 

0.925 



1.5 

1.490 

1.8 

1.6 

6.5 

6.0 

SO 

0.895 



1.5 

1,340 

1.8 

1.6 

6.5 

5.8 
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flow rating of 294.8 kg/s (650 Ib/s). These costs were corrected by 
Equation 8.22 with Equation 8.23 replaced by; 

AFR = (W^/650)°‘® (8.25) 

Table 8.17 lists appropriate point number, the AFR, the unit 
costs of the individual component, and number required. The recuperator 
material and installation costs are 75 and 25%, respectively, of the total 
unit costs given in Table 8.17. The same is true of the gas-heated eco- 
nomizers aud feedwater heaters. The total installed cost of the hot gas 
piping is lisLv?d. The gas turbine installation cost is assumed constant. 

8 . 5 . 2 . 4 L iquid -Metal Subsystem Tanks 

The liquid -laetal subsystem tanks and vapor drum were cost evalu- 
ated on the basis of stainless steel, ASHE Class 1, nonreactor develop- 
ment technology standards. The vessel cost was $33. 07/kg ($15/lb) per 

2 2 

vessel. Insulation cost was $430. 60/m ($40/ft ). Both these installed 

costs are adapted from CRBRP costs and include 10% for installation. For 
conservatism, the unit cost of material and insulation was assumed to be 
90% and installation 10% of the total installed costs. Table 8.18 illus- 
trates the various tanks sized and costed for a total plant potassium 

£ 

flow rate of 0.9072 Mg/s (7 2 x 10 Ib/hr). The costs evaluated for the 
liquid -metal vapor drums are believed accurate to 10%; and the costs of 
the other liquid-metal tanks are believed to be conservatively high 
(approximately 30%) . 

8. 5. 2. 5 Liquid-Metal Vapor Turbine 

The potassium turbine generators were costed from a Westinghouse 
Steam Turbine Division catalog price listing for 25,000 kW rating. To 
compensate for the use of superalloys and refractory alloys the catalog 
price was approximately doubled for a $3 million material cost. The 
cesium turbine, which was designed with only two stages instead of the 
four stages in the potassium turbine, was assumed to cost two-thirds as 
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Table 8.18 - Typical Liquid -Metal Subsystem Tank Cost Data 


Item 

Size 

Diameter x 
Length, ft 

Cost/Vessel 
X 10-3, $ 

Insulation 
X 10-3, $ 

Installed 

Cost 

X 10-3, $ 

Quantity 

Total 

Installed 

Cost 

X 10-3, $ 

Potassium Storage Tank 

10 

X 

30 

1,181 

38 

1,219 

4 

4,876 

Potassium Hot-well Tank 

8 

X 

25 

787 

26 

813 

4 

3,252 

Potassium Diimp Tank 

8 

X 

20 

630 

21 

651 

4 

2,604 

Potassium Drum 

8 

X 

22 

693 

23 

716 

4 

2,864 











much as the potassium turbine, or $2 million. For both turbines the cost 
of installation was 9% of the material cost. 

The accuracy of vhe liquid-metal turbine cost evaluation is 
difficult, at best, to estimate. Even a ± 50% accuracy would represent 
approximately a 2% variation in the overall plant cost, if the cost errors 
were higher than 50%, the integrated system would need to be reoptimized. 

The obvious conclusion is that the design, manufacture, and 
cost evaluation of liquid-metal vapor turbines requires greater depth and 
effort. 

8. 5. 2. 6 Liquid-Metal Condenser-Steam Generator 

The method of cost evaluation of the liquid -metal condenser- 
steam generator is illustrated on Table 8.19 for Base Case 1. Table 8.20 
lists the cost summary for Points 1 through 39. The remaining Points 
(AO through 50) are comparable to Point 27 in Table 8.20. The cost of 
material was assumed to be 70% of the total cost listed in Table 8.20jand 
the installation cost 30% of the total cost. 

Table 8.19 - Point 1 Boiler Condenser Cost 


Item 

Material, $ 

1 " ■ ■ " 

Labor, $ 

Spherical Housing 

106,000 

233,000 

Insulation 

(Included above) 

94,000 

Steam Gen. Tubing 

149,000 

— 

Steam Gen. Headers 
Inlet 

i 

2,000 


Outlet 

160,000 

— 

Crossover 

118,000 

— 

Tube Supports 

170,000 

— 

Fabrication and Tests 

• 

1,285,000 

Totals 

705,000 

1,612,000 


Total Cost, per Condenser $2,317,000 
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Table 8.20 - Cost Summary of Liquid-Metal Condenser Steam Generator 


Point 

No. 

Sphere Material, 
Labor, and 
Insulation 
X 10-3, $ 

Main Headers and 
Mlsacllaneous 
(Varies with 
Surface) x 10 - 3 , 5 

Fabrication and 
Test (Varies 
with Surface) 

X 10"3, $ 

Heat Transfer 
Tubing 
X 10-3, ^ 

1 Condenser 
Total Cost 
X 10-3, 5 

1 

471 

412 

1,285 

148 

2,317 

2 

459 

398 

1,243 

144 

2,244 

3 

440 

384 

1,200 

139 

2,163 

6 

471 

409 

1,280 

148 

2,308 

5 

471 

410 

1,282 

148 

2,311 

6 

471 

411 

1,283 

149 

2,314 

7 

479 

417 

1,303 

151 

2,350 

8 

479 

417 

1,303 

151 

2,350 

9 

475 

412 

1,290 

149 

2,326 

10 

475 

412 

1,290 

149 

2,326 

11 

471 

412 

1,289 

149 

2,325 

12 

469 

409 

1,280 

148 

2,306 

13 

— 

— 

— 

— 

— 

lA 

459 

400 

1,250 

145 

2,254 

15 

448 

390 

1,220 

141 

2,199 

16 

445 

388 

1,211 

140 

2,184 

17 

455 

406 

1,266 

146 

2,273 

18 

455 

403 

1,260 

146 

2,267 

19 

329 

323 

1,010 

117 

1,779 

20 

172 

191 

598 

69 

1,030 

21 

561 

440 

1,375 

159 

2,535 

22 

500 

426 

1,330 

154 

2,410 

23 

472 

410 

1,283 

148 

2,313 

2 A 

470 

409 

1,280 

148 

2,307 

25 

326 

509 

1,586 

315 

2,736 

26 

219 

408 

1,276 

667 

2,570 



20 


116 


27 

455 

536 

1,675 

87 

2,889 



20 


139 


28 

423 

610 

1,910 

88 

3,190 



20 


527 


29 

431 

571 

1,790 

101 

3,440 

30 

381 

329 

1,030 

86 

1,826 

31 

■219 

377 

1,179 

163 

1,938 



20 




32 

253 

302 

545 

354 

1>874 



20 


84 


33 

455 

54u 

1,725 

93 

2,925 



20 


136 


34 

331 

523 

1,664 

88 

2,762 





293 


35 

353 

505 

1,580 

103 

2,834 

36 

433 

380 

1,186 

100 

2,099 

37 

456 

401 

1,251 

105 

2,213 

38 

455 

406 

1,266 

146 

2,273 

39 

490 

429 

1,340 

155 

2,414 
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8. 5. 2. 7 Liquid-Metal Pumps 

The cost evaluation of the liquid-metal recirculation and feed 
pumps was based on CRBRP intermediate pump costs and on engineering 
judgements for the reduced range of topping cycle pump performance char- 
acteristics in Table 8.12. The cost evaluation reflects pump costs based 
on commercial standards rather than on the RDT standards of the CRBRP 
pumps. The pump costs also include allowances for the shorter pump shaft 
lengths than those designed for CRBRP. 

8. 5. 2. 8 Liquid-Metal Piping 

The liquid-metal piping was cost evaluated as welded pipe under 
ANSI B-31 Specification. Three tables are provided which show in detail 
the cost breakdown for pipe sizes of interest in the liquid-metal, subsys- 
tem, The tables Includes cost of material, fittings, shop fabrication, 
and shop suppoi;t (which gives the manufacturing cost) . The installation 
includes field erection and support costs. Finally, total installed 
costs of Insulation and trace heating is added on. For simplicity the 
material cost, which Includes piping material, insulation, and trace heat- 
ing was estimated to be 75% of the total installed cost. The installation 
cost was, therefore, 25% of the installed cost for each pipe size. These 
cost values are considered to be ± 5% accurate. 

Table 8.21 lists the costs of stainless steel piping. 

Table 8.22 presents the costs of Incoloy 800 piping. The cost of Incoloy 
800 pipe was assumed to be twice the cost of stainless, fabrication 1.5 
times more costly, and field erection twice as much as for stainless. 

Table 8.23 represents the cost evaluation of Haynes 188. The Haynes 188 
material was assumed to cost six times as much as stainless. The shop 
fabrication was assumed to be twice as much, and field erection three 
times as expensive, as stainless steel. These cost estimates are assumed 
to be accurate within 5%. 

8. 5. 2. 9 Liquid-Metal Inventory 

Liquid-metal inventory was evaluated on the basis of information 
supplied by Gallery Chemical Company. The potassium inventory was 
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Table 8.21 - Costs of Stainless Steel Welded Pipe 
under ANSI B-31 Specification, $/ft 


Pipe Size, in 

8 

9 

10 

30 

48 

Cost 

22.70 

24.90 

27.00 

121.90 i 

1,063.90 

Fitting 

26.90 

37.50 

48.10 

426.70 

552.10 

Fabrication 

36.20 

38.80 

41.50 i 

181.20 

223.70 

Support 

120.40 

125.90 

131.40 

274.40 

274.40 

Total 


227.10 

248.00 

1,017.80 

2,114.10 

Field Erection 

40.20 

57.90 

75.60 

202.10 

316.50 

Support 

35.90 

35.90 

35.90 

35.90 

35.90 

Insulation 

14.20 

15.50 

16.70 

51.00 

51.00 

Trace 

54.60 

59.70 

64.80 

170.00 

170.00 



111 . 10 

117.40 

256.90 


Total Installed 

. 

396.10 

441.00 

1,476.80 

2,687.50 

M - 75% X Tot. It 

1 

ist. 

1 

300.00 

330.00 

1,100.00 

2,000.00 

1 

I “ 25% X Tot. Inst. 

1 

100 . 00 

110.00 

380.00 

690.00 
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Table 8.22 - Cost of Incoloy 800 Welded Pipe, $/ft 


Pipe Size, in 

9 

10 

30 

48 

Cost 2 X SS 

49.80 

54.00 

243.80 

* 

Fittings 

37.50 

48.10 

426.70 


Fabrication 
1.5 X SS 

58 . 20 

62.25 

271.80 


Support 

i 

125.90 

131.40 

274.40 



271.40 j 

295.75 

1,216.70 


Field Erection 
2 X SS 

115.80 

151.20 

404.20 


Support 

35.90 

35.90 

35.90 


Insulation 

15.50 

16.70 

51.00 


Trace 

59.70 

64.80 

170.00 



111.10 

117.40 

256.90 


Total Installed 

498.30 

564.35 

1,877.80 

3,411.00 

M =75% Tot. Inst. 

1 

= 375.00 

425.00 

1,400.00 

2,560.00 

1 

I = 25% Tot. Inst. 
1 

= 125.00 

140.00 

480.00 

850.00 


* 

Assume Total Inst. = 1.27% SS Inst. 
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Table 8.23 - Cost of lbi-188 Welded Pipe, $/ft 


Pipe Size, in 

9 

10 

30 

48 

Cost = 6 X SS 

149.40 

162.00 

731.40 

* 

Fittings 

37.50 

48.10 

426.70 


Fabrication 
2 X SS 

77.60 

83. 00' 

362.40 


Support 

125.90 

131.40 

274.40 


Total Shop 

390.40 

424.80 

1,794.90 


Field Erection 
3 X SS 

173.70 

226.80 

i 

606.30 


Support 

35.90 

35.90 

35.90 


Insulation 

15.50 

16.70 

51.00 


Trace 

59.70 

64.80 

170.00 


Total Extras 

111.10 

117.40 

256.90 


Total Installed 

675.20 

769.00 

2,658.10 

4,834.80 

M “ 75% Tot. Inst. 

= 500.00 

575.00 

2,000.00 

3,600.00 

I =■ 25% Tot. Inst. 

^ J 

'= 175.00 

190.00 

1 

660.00 

1,240.00 


* 

Assume Total Inst. = 180% SS 
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evaluated at $3. 70/kg ($1. 68/lb). The cesium inventory was evaluated at 
$39. 68/kg ($18. 00/lb) on the basis of 100,000 lb/31.53 Ms (1 yr). The 
potassium costs are considered to be ± 5% and the cesium ± 20%. 

8.5.2.10 Liquid -Metal Auxiliary Subsystem 

The liquid-metal auxiliary subsystems were evaluated from CRBBP 
auxiliary liquid-metal subsystems. Auxiliary subsystem costs were par- 
tially scaled for the Rankine topping cycle based on inventory, piping 
length, and component sizes. 

Table 8.24 lists the costs evaluated for each auxiliary subsys- 
tem. 


Table 8.24 - Liquid-Metal Auxiliary Subsystem Costs 


Subsystem 

Material 
X 10-3, $ 

' Installation 
i X 10-3, $ 

Receiving and Processing 

6,200 

2,000 

Impurity Monitoring 

800 

250 

Inert Gas Receiving and 
Processing 

1,700 

^00 

Leak Detection 

250 

200 

Trace Heating 

2,500 

2,000 

Total 

11,450 

7,100 


The total material and installation cost is approximately 10% of the 
liquid-metal subsystem cost and 5% of the total plant direct costs. The 
assumed accuracy of ± 15% is n eligible when compared to the liquid- 
metal subsystem cost. 

8.5.2.11 Summary of Liquid-Metal Subsystem Direct Costs 
The direct costs of the liquid-metal components and auxiliary 
systems are summarized in Table 8.25 for the preliminary optimum 
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Table 8.25 - Sununary of Liquid-Metal Subsystem 
Direct Costs ^ Preliminary Optimum 
Potassium Rankine Topping Cycle 



Material Cost 

X 10“^, $ 

Installation Cost 

X 10-6, $ 

Boiler 

60.672 

34.128 

Turbine 

24.000 

2.160 

Condenser-Steam Gen. 

6.160 

2.640 

Hot well 

2.700 

0.440 

Piping 

5.063 

1.696 

Drum 

2.360 

0.360 

Recirculation Pump 

0.860 

0.069 

Feed Pump 

1.440 

0.115 

Inventory 

0.640 

0.013 

Storage Tank 

5.200 

0.600 

Dump Tank 

2.280 

0.344 

Receiving and Processing 

6.300 

2.000 

Impurity Monitor 

0.800 

0.250 

Cover Gas 

1.700 

0.400 

Leak Detection 

0.250 

0.200 

Trace Heating 

2.500 

2.000 


122.925 

47.415 

Total Direct Cost 

$17( 

), 340, 000 
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potassium Rankine topping cycle (Point 49). Much of the costing data is 
based on engineering judgement rather than on actual cost estimates. The 
results are of the proper magnitude and are expected to be accurate to 
± 30%. Such an error to the total plant capitalization is approximately 
7%, which is within the accuracy for similar plant estimates. Such an 
er'i,'or will not change the conclusions of this study, for which the sys- 
tematic cost evaluation should provide reasonable comparisons, regardless 
of the absolute validity. The cost difference evaluated in the cases 
considered are meaningful. 

Improvement in cost estimates for the Rankine topping cycle is 
possible only through greater efforts on the part of liquid-metal compo- 
nent designers and manufacturers, particularly for the liquid-metal tur- 
bine. 

8.6 Analysis of Overall Cost of Electricity 

8.6.1 Matrix of Component and Parameter Variations 

The work scope of this study required that the liquid-metal 
Rankine topping cycle be investigated for a variety of furnace combustor 
types, fuels (coal), cycle configurations, major cycle parameters, and 
power levels. The matrix of the 50 parametric points for the liquid- 
metal vapor Rankine topping cycle is shown on Table 8,6. Base Case 1, 
the pressurized fluidized bed, and Ease Case 2, the pressurized furnace, 
are listed on Table 8.6 as Points 1 and 4, respectively. 

The first 39 cases served as a sensitivity study to determine 
the effects of component and parameter variation for a constant power 
level. This sensitivity study was then used co determine a preliminary 
optimum case by combining the components and parameter values which in- 
dividually provided the best cycle performance and which were estimated 
to be cost effective. The economic model was not available for a cost 
evaluation of the sensitivity study. 

This preliminary optimum cycle was used to detemine the effect 
of power level variation for a PFB plant (Points 40, 41, 42, and 49) and 
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Dwg. 6370A08 


Pressurized Fluidized Bed 


Pressurized Furnace 



O&M 

1.86 


Total Cost of Electricity 31. 59 Mllls/kWh 
Overall Energy Efficiency 35. 9 % 



Point 1 Point 4 

Fig. 8. 18 “Performance and cost of electricity for a pressurized fluidized bed boiler 
and pressurized furnace 1200 MWe plants burning Illinois No. 6 
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a PF plant (Points 43, 44, 45, and 50). Points 46, 47, and 48 were used 
to study the effects of power level variation and cesium as the working 
fluid in a PFB plant. 

The economic, natural resources requirement, and environmental 
intrustion analyses were performed on the 50 points calculated after the 
performance analysis was completed. Availability of the economic analysis 
at an earlier date would have resulted in a more cost-effective and more 
efficient preliminary optimum cycle than that depicted in Points 40 to 
50. This is particularly true in the selection of coal, gas-heated eco- 
nomizer utilization, and gas turbine inlet temperature. 

8.6.2 Effect of Furnace-Ccmbustor Type 

In Section 8-2 the plant configurations and operating state 
points of the PFB and PF base case plant were shown on Tables 8.7 and 8.9, 
respectively. The effect of fumace-combustor type on performance and 
cost of electricity for the PFB and PF base cases using Illinois No. 6 
coal are illustrated on Figure 8.18. The higher PFB cycle efficiency and 
its lower cost of electricity relative to the PF is due to the high cost 
and ''' 90% efficiency of the gasifier to produce the low-Btu gas from the 
coal. The high cost of electricity from the PF gasifier system is due to 
the higher capital cost, as shown in the chart on Figure 8.18. The 
higher fuel and maintenance costs for the PF indicate the gasifier inef- 
ficiency. On the basis of lower cost and higher efficiency the PFB is 
the recommended fumace-combustor type for the liquid-metal Rankine topping 
cycle. 

8.6.3 Effect of Coal Type on PFB 

Three types of coal were evaluated for the liquid-metal Rankine 
topping cycle. The three coals and their effect on the performance and 
cost of a PFB plant are illustrated on Figure 8.19. Illinois No. 6 
bituminous coal produces a higher cycle efficiency and lower fuel cost, 
as shown in the chart, due to its higher heating value. For this reason 
the Illinois No. 6 was selected for the preliminary optimum cycle prior 
to the availability of the cost evaluation. However, further analysis 
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Illinois No. 6 
Bituminous 


O&M 

1.S6 


Total Cost of Electricity 3L 59 Mills/kWh 
Overall Energy Efficiency 35. 9% 



Montana 

Subbituminous 


North Dakota 
Lignite 



28. 86 Mills/kWh 29. 82 Mllls/kWh 

35. 8% 34. 8% 


Point 1 


Point 2 


Point 3 


Fig. 8. 19-Effect of coal type on pressurized fluidized bed boiler plant performance and cost of electricity 


indicates that the Montana subbituminous produces the lowest cost of 
electricity, 8.6% less than Illinois No. 6, with only a 0.3% loss in cycle 
efficiency. The high cost of using the Illinois No. 6 is due to its 
high sulfur content A. 9 times higher than the Montana or North Dakota). 
The high sulfur content requires much more dolomite for sulfur removal, as 
indicated by the operating and maintenance costs, which are almost double 
those of the other two coals. The higher sulfur content is also reflected 
in the capital cost for larger fuel handling and process sy terns and for 
waste disposal. 

Thus, the recommended fuel for the liquid-metal Rankine topping 
cycle is Montana subbituminous, not Illinois No. 6 bituminous, as shown 
in Table 8.6 for the preliminary optimum cycle. 

8,6.4 Effect of Component and Parameter Variation on PFB 

The matrix of points investigated in this study included varia- 
tions of components and parameters in the combustor pressurizing subsys- 
tem, the steam subsystem, and type of heat rejection for both PFB and PF 
plants. These points are listed and numbered in Table 8.6. The perfor- 
mance and state point values for all cases are included in Appendix A 8.1 
on computer printout sheets. The optimum point of each component or 
parameter variation is plotted against the base case cycle efficiency and 
cost of electricity for the 1200 M'/e PFB plant burning Illinois No. 6 
coal in Figure 8.20. Reference to the matrix of parametric points on 
Table 8.6 shows the range of values investigated for each of the compo- 
nents and parameters listed on the bottom of the bar chart of Figure 8.20. 

Notice that most of the optimum points are the same as the base 
case. Had the points been run with the optimum coal, Montana subbitumi- 
nous, all the optimum points would show improvement over Base Case 1. 

The use of a recuperator to preheat air in the combustor pres- 
surizing subsystem resulted in an increase in cycle efficiency of 
1.4% over cycles with no recuperation for recuperator effectiveness of both 
e = 0.70 and e = 0.80. Thus, recuperation was found to be unjustified for a 
15 to 1 pressure ratio. The optimum point was Base Case 1 with no 
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Effedjveness Heated Heated Pressure Equivalence Reheat Heat Pressure 
Po5«t 1 Feedwater Economizer Ratio Ratio point 27 Rejection point i 
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recuperation. Similar results were obtained for recuperation with a PF 
plant . 

Although not shown on Figure ,8.20, a once-through liquid-metal 
subsystem was investigated for PFB and PF plants. The cycle efficiencies 
were the same as those of the base cases, with a slight cost advantage 
for a once-through system. On the basis of ease of control and avoidance 
of DNB with all its problems and uncertainties, the recirculation system 
was selected as optimum. 

In the case of a gas-heated feedwater heater, the variation was 
no feedwater heater or incorporation of a gas feedwater heater in parallel 
with the steam turbine extraction feedwater string. As shown on 
Figure 8.20, the incorporation of the feedwater had a significant effect 
on the performance and cost of electricity. The cycle efficiency in- 
creased 21%, and the cost decreased 9.7%, in comparison with Base Case 1. 
For a PF plant the improvement was comparable. Incorporation of a gas- 
heated feedwater heater, therefore, was selected. 

The next variation shown on Figure 8.20 is a gas-heated econo- 
mizer. Again, the options were either inclusion or omission of the eco- 
nomizer installed between the condenser-steam generator and the final 
feedwater heater. The cycle efficiency increased 10%, with a 4% reduc- 
tion in the cost of electricity for a PFB plant. 

In the initial design of the liquid-metal vapor turbine, extrac- 
tion feedheating was determined to be inappropriate. Moisture separation 
was also ruled out because of the low pressure available and the inability 
to take the momentum losses. Hence, liquid-metal feedheating was not con- 
sidered in this study. 

One of the combustor pressurizing subsystem parameters investi- 
gated was the combustor pressure level. Values of [0.506, 1.013, and 
1-519 MPa (5, 10, and 15 atm)] were used [1.519 MPa (15 atm) being the 
base case]. As illustrated by the appropriate bar chart in Figure 8.20, 
a 15:1 compressor pressure ratio was the optimum of the values studied. 
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The results showed that cycle performance increased, while the cost of 
electricity decreased, with increasing pressure ratio. 


The final combustor pressurizing subsystem parameter studied 
was the air equivalence ratio, addition to the minimum value of 

1.2 (base case) for fluidized bed combustion of solid fuels, values of 

equal to 2.0 and 3.0 were used. The investigation showed that values 
significantly higher than 1.2 have disastrous effects on the liquid -metal 
topping cycles. For of 2.0 and 3.0 the cycle efficiency compared to 

the base case of 1.2 decreased 46 and 69%, respectively; while the 

coat of electricity Increased 40 and 110%, respectively. The base case 
of 1.2 was selected as optimum. 

With regard to the steam subsystem, the effect of one stage of 
steam reheat was compared to a nonreheat cycle. The plot shown on 
Figure 8.20 is the optimum point for a 24.136 MPa (3500 psi) gauge, 
811“K/811“K (1000®F/1000‘’F) reheat steam cycle. It was selected as opti- 
mum from among single reheat and nonreheat cycles at 24 and 16 MPa (3500 
and 2400 psi) gauge with temperatures at 811, 866, and 922“K (1000, 1100, 
and 1200®F). For both nonreheat and reheat cycles, and for both pres- 
sures considered, the 866 and 922®K (1100 and 1200°F) temperatures showed 
increasing improvement in efficiency but also Increasing costs. At the 
two higher temperatures there are materials problems to contend with. 

For the selection of steam pressure, the base case value of 
24.132 MPa (3500 psi) gauge showed an advantage over 16.547 MPa (2400 psi) 
gauge for both performance and cost of electricity at ail“K (1000°F) 
steam temperature, as expected. Additionally, the steam pressure of 
24.132 MPa (3500 psi) gauge was selected as optimum because at supercriti- 
cal pressure DNB and its associated problems and uncertainties are avoided. 

The base case heat rejection was a wet cooling tower. Once- 
through and dry cooling tower heat rejection systems were also investi- 
gated. Even though the once-through has a 2% advantage in both cycle 
efficiency and cost of electricity, the wet cooling tower system was 
selected for environmental reasons. Based on a 5% differential in 
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efficiency and cost, the wet cooling towers were selected over dry cooling 
tower heat rejection. Figure 8.20 shows the bar chart for the optimum 
heat rejection selection. 

8.6.5 Effect of System Temperatures on PFB 

The study also included the variation of the major cycle tem- 
peratures. Figure 8.21 shows the effects of varying the inlet tempera- 
tures of the three turbines on the cycle efficiency and cost of a PFB 
plant at 1200 Mlje. 

The uppermost curve demonstrates the results of lowering the 
gas turbine inlet temperature from the 1255''K (1800°F) maximum allowable 
fluidized bed temperature to 1144°K (1600°F) . Note the 6% increase in 
cycle efficiency as the gas turbine inlet temperature decreases to 1144‘’K 
(1600‘’F). Due to the delay in. the availability of the costing model, the 
increased cycle efficiency was the basis for selecting the gas turbine 
temperature for the preliminary optimum plant. It was assumed that the 
increased heat transfer area and, hence, increased cost of the furnace- 
combustor due to the reduced gas-side temperature, would not increase the 
plant capital cost significantly; that the lower temperature would miti- 
gate cost increases by allowing the use of less exotic materials; and 
that the improved efficiency would reduce the increase in the cost of 
electricity. As indicated on Figure 8.21a the capital cost at 1144 °K 
(1600“F) gas inlet temperature decreased below the 1255“K (1800 F) capi- 
tal cost. Although not shown, the cost of electricity decreased 2.0 and 
0A% for 1144 and 1200°K (1600 and 1700°F), respectively, when compared 
to the base case gas turbine inlet temperature of 1255°K (1800“F) . The 
recommended gas turbine inlet temperature of 1144°K (1600°F) was selected, 
with 1255“K (1800‘F) as an alternate. 

The second set of curves. Figure 8.21b, shows the effects of 
variations in liquid-metal turbine inlet temperatures. A constant tem- 
perature differential of 166. 7°K (300“F) was assumed from turbine inlet 
to the liquid-metal condenser-steam generator. The liquid-metal system 
wais investigated at three conditions lu33“K inlet/866°K condenser 
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Fig. 8.21c-Steam Throttle Temperature, 


Fig. 8. 2] -Effect of system temperatures on performance and cost 
of pressurized fluidized bed boiler plant 
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(1400‘’F/1100‘’F), 1089‘’K/922°K (1500°F/1200°F) , and 1144“K/978“F (1600“F/ 
1300°F) . The gas turbine inlet temperature and steam turbine inlet tem- 
peratures were held constant at 1255 and 811°K (1800 and lOOO^’F), respec- 
tively. As Figure 8.21b demonstrates, the capital cost increased as much 
as 4% with increasing liquid-metal temperatures over the 1033°K (1400°F) 
base case. This was caused by the increased heat transfer area and the 
cost of construction materials in the liquid-metal subsystem. The cycle 
efficiency increase is negligible, considering the uncertainties of this 
study. With a definite economic incentive to minimize the liquid-metal 
temperatures, the 1033°K/866°K (1400°F/1100'’F) liquid-metal temperatures 
were selected for investigation in Task II. The lower liquid-metal tem- 
peratures mitigate materials and development problems, particularly in 
the condenser-steam generator. 

Up to this point all the parameter variations have been indi- 
vidual variations. Figure 8.21c shows the effect of steam throttle tem- 
perature variations; but for the steam temperatures the liquid-metal 
turbine temperature also varied (see Table 8.6, cases 23 through 35). 

For the steam temperatures listed in Figure 8.21c, the corresponding 
liquid-metal turbine inlet temperature is found directly above in 
Figure 8.21b. The gas turbine inlet temperature was held constant at 
1255°K (1800°F). The values plotted In Figure 8.21c were the results for 
a 24,132 MPa (3500 psi) gauge single reheat steam cycle. The figure 
shows that both cycle efficiency and capital cost increase as the steam 
temperature increases: but when compared to the 811°K (IDOO^F) steam 

temperature case, the increase in capital cost is more than twice 
the increase in cycle efficiency for the 922°K (1200°F) case. 

The cost of electricity is 3.2 and 9,2% higher than 811°K (1000'’F) steam 
for 866 and 922°K (1100 and 1200°F), respectively. Again, this is the 
result of higher costs for high-temperature materials to meet the tem- 
perature requirements in the steam turbine and the liquid-metal subsys- 
tem. 

To ease the high cost and reduce the material and development 
problem, a steam throttle temperature of 811°K (1000“F) was recommended. 
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Fig. 8. 22 -Performance and cost of electricity of a potassium and a cesium topping cycle 
for best study plant configuration 



The parametric analysis described above concluded with the 
selection of the preliminary optimum plant configuration and operating 
parameters, as shown in Point 49 of Table 8.6. 

8.6.6 Effect of Working Fluid on Preliminary Optimum Plant 

As described in Section 8.2, an initial assumption in the para- 
metric analysis was that cesium would not be competitive with potassium 
as the working fluid for the liquid-metal Rankine topping cycle. The 
basis for this assumption was the limited supply of cesium available and 
the Initially high cost estimates. The initial cesium inventory require- 
ment was approximately 635 Mg (1,400,000 lb). The availability of cesium 
data was also limited. Thus, the parametric analysis of the metal vapor 
Rankine topping cycle concentrated on potassium as the working fluid. 

The results of that analysis were assumed to pertain to cesium within a 
reasonable degree of accuracy for preliminary evaluation. 

Points 46, 47, and 48 of Table 8.6 define the cesium topping 
cycle and power level variation. Points 40, 41, 42, and 49 define the 
potassium topping cycle. Except for the working fluid these cases are 
similar. The results of Point 49 and 46 are shown on Figure 8.22 for 
potassium and cesium, respectively. 

Due to the preliminary nature of the cesium turbine design and 
the lack of cesium data available, the large uncertainties of the cesium 
cycle tend to reduce the feasibility of application when compared with 
potassium. The results definitely demonstrated that cesium is competi- 
tive with potassium as the working fluid in a metal vapor topping cycle. 
These results, however, contain too many uncertainties to make a final 
selection at this time. Further effort, particularly in the design of 
the cesium turbine, is required. 

8.6.7 Effect of Nominal Power Variation 

The final variation analyzed in this study was nominal power 
level. Figure 8.23 shows the effect various power applications on 
preliminary optimum plant configurations with cesium and potassium as the 
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Curve 683061-A 



Fig. 8. 23~Effect of nominal power on performance and cost 
of electricity for pressurized fluidized bed boiler 
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Overall Energy Efficiency ir}), 



working fluids. The dashed curves show the relatively constant cycle 
efficiency over the range of power applications selected. The solid 
curves demonstrate the reduction in the cost of electricity as the 
nominal plant rating increases. 

8.6.8 Summary Sheets 

The natural resource requirements and environmental Intrusion 
for Base Cases 1 and 2 are shown on the summary sheets in Tables 8.26 and 
8.27, respectively. The sizes, weights, and costs of the major liquid- 
metal subsystem components and cooling towers are also included on the 
summary sheets . 

Although they are not recommended points for Task II, the sum- 
mary sheets for the preliminary optimum plants with potassium and cesium 
are included as Tables 8.28 and 8.29. They are a close approximation of 
the final results and improvements expected for the further optimization 
of the liquid-metal vapor Rankine topping cycle. 

8.6.9 Additional Considerations 

The overall costs and efficiencies of the 50 parametric points are 
included in Appendix A 8-2. Figure 8.24 is a plot of the overall efficiency 
versus capital cost for several of the cases considered. Figure 8.25 is a 
plot of the capital cost versus cost of electricity for the same cases. 

In analyzing the overall cost of electricity, a new optimum 
cycle parameter and component configuration may be extrapolated. The 
plant will be similar to the preliminary optimum plant except for a 1255°K 
(1800 °F) gas turbine inlet temperature and the burning of Montana subbi- 
tuminous coal. A line AC has been drawn through Base Case 1 and the gas 
feedwater heater Point 13 in both Figures 8.24 and 8.25. Drawing the 
line A'c' parallel to AC through the subbituminous coal (Point 2) determines 
the locus of subbituminous coal, gas feedwater heater plants with a non- 
reheat steam plant. 

On both figures line EG is drawn through the bituminous coal 
plant (Point 1) and the subbituminous coal plant (Point 2). Parallel line 
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Table 8.26 — Sunnary Sheec Li<)uld-Hetal Raxiklne Topping Cycle B^l 5 e Case No. 1, Point 1 


Patamecec Values 


Nee Power (MWe) 

Combustor Pressurizing Subsystem 
Combustor type 
Fuel 

Gas turbine inlet temp., °F 
Compressor pressure ratio 
Air equivalence ratio 

Uquid-Metal Subsystem 
Fluid 

Turbine inlet temperature, °F 
Condensing temperature, °F 
Circulation ratio 

Steam Turbine Subsystem 

Turbine inlet temperature, °F 
Turbine inlet pressure, psig 
Reheat temperature, °F 
Condensing pressure, in Hg abs 

Heat Rejection 


Perfpnnancc and Cost 


Natural Resources 



Major Components 


Component 

PFB 

L-M Turbine 

Condenser-Steam 

Generator 

Cooling Tower 


27.2 

43 X 40 X 70 


;ight, 

r lb 

i Cost 
Mfg., 
103 $ 

FOB 
Plant, 
1 $/kWe 

Units 

Required 

Total Cost 
10^ $ 

700 

5,820 

4.98 

16 

93,160 


3,000 

2.56 

8 

24,000 

155 

2,300 

1.97 

4 

9,200 


230 

0.20 

13 

2,990 


NO 

X 

HC 

CO 

Particulates 

Heat to Water 
Heat, Total Rejected 

Wastes 

Ash 

Spent sorbent 


2.36 X 10 
13.03 X 10 
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Table 8.27 ** Suonary Sheet Liquid-Metal Rankine Topping Cycle Base Case No*. 2, Point 4 


Parajfieter Values 


Net Power (MWe) 

Combustor Pressurixlng Subsystem 

1144.4 

Combustor type 

PFB 

Fuel 

Illinois Ko- 6 

Gas turbine ialec Cemp., °F 

1800 

Compressor pressure ratio 

15 

Air equivalence ratio 

1.2 

Liquid-Metal Subsystem 


Fluid 

K 

Turbine inlet temperature, *F I 

1400 

Condensing temperature, “F ' 

1100 

Circulation ratio 

2.5:1 

Steam Turbine Subsystem 


Turbine inlet temperature, “F , 

1000 

Turbine inlet pressure, pslg | 

3500 

Reheat temperature, “F 

HA 

Condensing pressure, in Hg abs 

3.5 

Heat Rejection 

Wet towers 


Performance and Cost 


Power Plant Efficiency, 2 

34.8 

Overall Energy Efficiency, Z 

35.0 

Capital Cost, 10^ $ 

926.1 

Canital Coat, $/kWe 

809.2 

Cost of Electricity, mills/kHh 

35.88 


(b) 


Natural Resources 


Coal. lb/k\ft» 

0.904 

Sorbent, Ib/kWh 

0.478 

Total Water, gal/W7h 

Q.813 

Cooling water 

0.601 

Gasifier process 

0.052 

Condensate makeup 

0.006 

Haste-handling slurry 

0,099 

Scrubber waste 

0.054 

NO^ suppression 

0.000 

Total Land, acres/100 HWe 

113.9 

Main plant 

17.3 

Disposal land 

75.98 

Access railroad 

20.65 


Environmental Intrusion 









“2 

NO^ 

Ib/iO® Btu 
0.723 
0 

Ib/kHh 

0.0074 

0 


llajor Components 




Component 

Size, ft 

(W X L (or D) X H) 

! Height, 
10-* lb 

Cost 
Mfg-. 
103 $ 

FOB 

Plant, 

$/kWe 

Units 

Required 

Total, Cost, 
10"^ $ 

HC 

CO 

Particulates 

0 

0 

t> 

0 

FFB 

14.5 X 25 

220 

2,200 

1.95 

8 

17,600 

Btu/kWh 


L-M Turbina 

. 


3,000 

2.66 

8 

24,000 

Heat to Water 

2990 


Condenser-Steam 

Generator 

27.2 (sphere) 

155 

2,300 

2.04 

4 

9,200 

Heat, Total Rejected 

5730 


Coaling Tower 

43 X 40 X 70 


230 

0.20 

13 

2,990 

Wastes 

Ash 

lb /kWh 

Ib/day 



(d) 





0.090 

2.44 X iO® 








Spent sorbent 

0.458 

13.4 X 10^ 


(e) 





Table 8,23 - Suramary Sheet Liquid-Metal Rankine Topping Cycle, point 49 


CD 

I 

o 

ro 


a 

c 





|«i-4 


tHJ 


Paranerer Values 


Net Power (HHe) 

Combustor Pressurizing Subsystem 

IIAO.O 

Combustor type 

PFli 

Fuel 

Illinois No. 6 

Gas turbine inlet temp., ®F 

1600 

Compressor pressure ratio 

15 

Air equivalence ratio 

1.2 

Liquid-Metal Subsystem 


Fluid 

K 

Turbine inlet temperature, °F 

1400 

Condensing temperature, ®F 

1100 

Circulation ratio 

2.5:1 

Steam Turbine Subsystem 


Turbine inlet temperature, ®F 

1000 

Turbine inlet pressure, psig 

3500 

Reheat temperature, °F 

1000 

Condensing pressure, in Hg abs 

3.5 

Heat Rejection 

Uet towers 


(a) 


Performance and Cost 


Power Plant Efficiency, % 

42.4 

Overall Energy Efficiency, % 

42.4 

Capital Cost, 10 $ 

760.3 

Canital Cost, $/kWe 

666.9 

Cost of Electricity, mllls/kWi i 

i 

29.60 


(b) 


l^aturax Resources 


Coal, Ib/kWh 

0.746 

Sorbent, Ib/kWh 

0.395 

Total Water, gal/kMi 

0.737 

Cooling water 

0.603 

Gasifier process 

0.000 

Condensate makeup 

0.007 

Waste-handling slurry 

0.082 

Scrubber waste 

0.045 

NO^ suppression 

0.000 

Total Land, acres /lOO MUe 

102.6 

Main plant 

16.4 

Disposal land 

65.4 

Access railroad 

20.7 


(c) 


Environmental Intrusion 


Major Components 


Component 

! Size, ft 

(H X L (or D) X H) 

Weight, 
10-^ lb 

Cost 
i Mfg., 
103 $ 

FOB 

Plant, 
1 $/kWe 

Units 
1 Required 

Total Cost, 
10^ $ 

PFB 

16.6 X 100 

840 

5,910 

5.05 

16 

94,612 

L-M Turbine 



3.000 

2.56 

8 

24,000 

Condenser-Steam 

Generator 

26.7 (sphere) 

196 

2,300 

1.96 

4 

9,200 

Cooling Tower 

43 X 40 X 70 


230 

0.20 

13 

1 

2,990 


(d) 


so^ 

f. 

lb/10 Btu 
0.723 

lb /kWh 
0.0058 

NO 

0 

0 

X 



HC 

0 

0 

CO 

0 

0 

Particulates 

0.043 

3.46 X 10"'* 

Heat to Water 
Heat, Total Rejected 

Btu/kWh 
3156 
3934 
lb /kWh 

lb /dav 

Wastes 


2.01 X 10® 

Ash 

0.072 

Spent sorbent 

0.395 

11.1 X 10® 


(e) 
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Table 8.29 — Sumnaary Sheet Llquld-MeCal Kankine Toppieg Cycle, Point A6 


Parameter Values 


Net Power (MHe) 

Combustor Pressurizing Subsystem 

1139.9 

Combustor typa 

PFB - 

Fuel 

Illinois No. 6 

Gas turbine inlet temp., ”F 

1600 

Compressor pressure ratio 

15 

Air equlvaleace ratio 

1.2 

Liquld-fletal Subsystem 


Fluid 

Cs 

Turbine inlet temperature, °F 

lAOO 

Condensing temperature, °F 

IlOO 

Circulation ratio 

2.5:1 

Steam Turbine Subsystem | 


Turbine inlet temperature, °F 

1000 

Turbine inlet pressure, psig 

3500 

Reheat temperature, "F ! 

1000 

Condensing pressure, in Hg abs 

3.5 

Heat Rejection 

Wet towers 


(a) 


Performance and Cost 

[ 

Power Plant Efficiency, X 

A2.9 

Overall Energy* Efficiency, Z 

42.9 

Capital Cost, 10^ S 

823.2 

Capital Cost, $/kWe 

722.2 

Cost of Electricity, mills/kWh 

31.25 


(b) 


Natural Resources 


Coal, Ib/klVh 

1 

0.737 

Sorbent, Ib/kWh 

0.390 

Total Mater, gal/kWh 

0.780 

Cooling water 

0.649 

Gasifier process 

0.000 

Condensate makeup 

0.007 

Waste-handling slurry 

0.081 

Scrubber waste 

0.044 

NO suppression 

0.000 

Total land, acres /lOO MWe 

103.31 

Main plant 

16.4 

Disposal land 

64.6 

Access railroad 

22.33 


(c) 


Environmental Intrusion 


Major Components 


Component 

1 

Size, ft 

(W X 1 (or D) X H) 

i 

I Weight, 
10-* lb 

Cost 
Hfg., 
103 $ 

POB 

Plant, 

$/kWe 

Units 

Required 

Total Cost, 
10^ $ 

PFB 

16 X 100 

770 

5,590 

4.78 

16 

89,430 

L-H Turbine 



2,000 

1.71 

8 

16,000 

Condenser-Steam 

Generator 

26-7 (sphere) 

196 

2,300 

1.96 ^ 

4 

9,200 

Cooling Tower 

43 X 40 X 70 


230 

0.20 

14 

3,220 


(d) 


so^ 

lb/10® Btu 
0.723 1 

Ib/kWh 

0.0054 

NO 

0 

0 

X 



HC 

0 

0 

CO 

0 1 

0 

Particulates 

0.0418 

3.10 X 10 

Heat to Water 
Heat, Total Rejected 


lb /day 

Hastes 



Ash 

0.066 i 

2.36 X 10® 

Spent sorbent 

0.364 

10.219 X 10® 


(e) 


CurM 6S3M2-I 
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Oversll Efficiency, % 

Fig. l24-Caoltal cost vs overall efficiency for fluidized 
bed boiler plants 
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Curve 683063-B 





E'G' is drawn through the bituminous coal plant with a gas feedwater 
heater and intersects line A'G' at Point B' to account for the reduced 
overall efficiency due to subbituminous coal. Point B' on Figures 8.24 
and 8.25 determines a new plant burning subbituminous coal with 1255°K 
(1800°F) gas turbine inlet temperature, a gas-heated feedwater heater, a 
nonreheat 24.132 MPa (3500 psi) gauge steam turbine. Point B* on 
Figure 8.24 has an efficiency of 44.0% and a $583/lcWe capital cost. 

The line HK lias been drawn through Point 1 [a 24.132 MPa 
(3500 psi) gauge nonreheat steam turbine cycle] and Point 27 [a 24.132 MPa 
(3500 psi) gauge reheat steam turbine] in Figures 8.24 and 8.25 to define 
the rate of change of energy efficiency versus capital cost for reheat 
versus nonreheat steam cycles. Parallel line H’K' was draxmi through the 
new subbituminous burning plant with a gas feedwater heater point B' on 
both figures. Assuming the same 0.8 percentage point efficiency improve- 
ment of reheat (Point 27) over nonreheat (Point 1) , a subbituminous coal 
plant F' with reheat steam is determined along line H'K' for 44.0% overall 
energy efficiency on Figure 8.24. The new optimum plant F' , with a 
24.132 MPa (3500 psi) gauge steam turbine, 1255°K (1800“F) gas turbine 
inlet temperature, burning subbituminous coai has a capital cost of $583/ 
kWe at 44.0% overall energy efficiency on Figure 8.24. 

If we follow the same procedure on Figure 8.25, the new optimum 
plant F’ with a capital cost of $583/kWe along line H*K' has a cost of 
electricity of 7.17 mills/MT (25.8 mills /kWh) . Optimum plant F' has a 3.8% 
improvement in overall energy efficiency and an approximately 13% reduc- 
tion in the cost of electricity over the preliminary optimum plant esti- 
mates . 

On the basis of conventional power plant data, an additional 
cost reduction is possible. Redesign of the pressurized fluidized bed 
units to allow for greater utilization of shop fabrication instead of 
field erection could reduce construction time by three to six months. 

Such a reduction iu time would significantly reduce the interest costs 
during construction. 



Component modularlzstion not only reduces construction time, 
but also facilitates and lends Itself to the concept of partial plant 
operation. With the independent loop arrangement described briefly in 
Subsection 8.5.1.11 the availability of the liquid-metal vapor Rankine 
topping cycle plant can be significantly Improved. Aside from loss of 
feedwater flow in the single steam turbine or loss of fuel from the coal- 
handling system, each of the four loops may operate independently of the 
other three. 

The concept of power unit modules also provides for extension 
of the capital investment period. Rather than build a 1200 MWe plant all 
at once and tie up investing capital, one 300 M^e basic power unit is in- 
stalled with full-size fuel handling and part-load operating steam tur- 
bine. When the first basic power unit begins producing power, additional 
power units can be added as load demand increases. In this way invest- 
ment capital is available for other uses. 

Appendix A 8.3 contains a listing of the economic model of the 
direct cost accounts and the cost of electricity for the preliminary op- 
timum plant cycle with potassium (Point 49) and Points 1 and 4. 

8. 7 Conclusions and Recommendations 

The results of this study indicate that a liquid-metal vapor 
Rankine topping cycle plant offers desirable plant performance. Develop- 
ment of the full potential of a direct coal-fired liquid-metal vapor 
Rankine topping cycle requires the development of high-temperature mate- 
rials, the liquid-metal turbine, and the fluidized bed boiler. Power 
plant efficiencies of 40 to 44%. are obtainable, based on current liquid- 
metal vapor turbine technology . 

The economic potential of the system is limited by high costs 
for power conversion and liquid-metal heat transfer and piping equipment. 
The lowest electrical costs determined were about 8.05 mills /MJ (29 mills/ 
kWh). Further optimization studies could improve the plant design perfor- 
mance and, therefore, the cost of electricity. Extrapolations presented 
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in Section 8.6, for example, imply costs more in the area of 7.17 mills/ 
MJ (25.8 mills /kWh). 

These results are adequate for a preliminary design and assess- 
ment of the relative effects of components and parameters on the system 
performance and costs. Further studies are required to optimize the 
plant configuration and parameters. Final conclusive performance and 
cost values can only be forthcoming upon completion of those studies. 

Of all the systems considered, the costing factors of the metal 
vapvor turbine are the most uncertain, due to the preliminary nature of 
the design, particularly at the high temperatures studied. The costing 
factors of the pressurized combustors are also uncertain, and are lacking 
for liquid-metal subsystems of both the combustor subsystems and liquid- 
metal subsystems. Extensive liquid-metal power system technology being 
developed will provide considerable data on the further development of 
the liquid -metal topping cycle. 

The major limiting factors are suitable high-temperature mate- 
rials and the uncertainties of high-temperature liquid-metal technology. 
Improved design and high-temperature metal technology would probably 
reduce the heat transfer and power conversion equipment costs, improving 
the attractiveness of the cycle. 

The performance analysis of the 50 cases demonstrated that the 
combination of Individually optimized components and parameters does not 
r,;ecessarily yield an optimum plant. The resulting cycle efficiencies 
could have been significantly improved by optimization of the combination 
of components and parameters Investigated, without assuming advancement 
in the state of the art of the technologies involved. The analysis, how- 
ever, did provide direction in selecting a new base case for further op- 
timization. It also demonstrated that cycle efficiencies higher than 
conventional fossil-fired plants are attainable. 

The economic analysis of the 50 cases demonstrated that high 
capital costs are generally required to obtain high cycle efficiencies; 
but it also provided direction in the selection of system configuration, 
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operating parameters, and, in particular, fuel for a new base from which 
to continue plant optimization. For example, the extrapolations of Sub- 
section 8.6.9 indicate 4% improvement in overall efficiency to 44.0% 
and a reduction in the cost of electricity of 13% to 7.17 mills/MJ 
(25.8 mills/kWh) over the preliminary optimum estimates. These improve- 
ments are the result of using Montana subbituminous coal instead of 
Illinois No. 6 and of raising the gas turbine inlet temperature to 1255°K 
(1800°F). The conclusions of Section 8.4 indicate that additional im- 
provements in overall cycle efficiency may be obtained by combining the 
gas-heated feedwater heaters and economizers with recuperators at a com- 
pressor pressure ratio of 10 to 1 rather than 15 to 1. Further conclu- 
sions from Subsection 8.6.9 Indicate significant reduction in the 
interest during construction by reducing construction time. Modulariza- 
tion of the pressurized fluidized beds could potentially reduce the con- 
struction period by three to six months. The utilization of modularized 
basic power units for part-load operation significantly improves the 
plant availability over the value assumed for this study. Modularized 
basic power units also provide for extension of the capital investment 
period, another potential cost reduction. 

The recommended system configuration and parameters for Task II 
are listed in Table 8.30. The plant described is the recommended base 
case from which to continue the further optimization of the liquid-metal 
topping cycle. The values listed are the result of the economic and per- 
formance analysis described above. 

An alternate liquid-metal vapor topping cycle is also recom- 
mended on Table 8.30. The final choice of working fluid cannot be made 
without further analysis. The performance and cost of electricity of the 
cesium topping cycle of Task I are suspect due to the uncertainties in 
the cesium property and thermodynamic data and to the preliminary nature 
of the cesium turbine design and performance. A more detailed study of 
cesium and, in particular, the cesium turbine is a prerequisite before 
final selection of the working fluid. 
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Table 8.30 - Recommended System Configuration and Parameters 



Base 

i 

Alternate 

Power, MWe 

1200 


Furnace 

PFB 


Coal 

Montana 


Working Fluid 

Potassium 

Cesium 

Recuperator Effectiveness 

0.7 


Gas-Heated Feedwater, Heater 

Yes 


Gas-Heated Economizer 

Yes 


Compressor Pressure Ratio 

10 


Air Equivalence Ratio 

1.2 


Gas Turbine Inlet Temp . , “F 

1800 


L.-M. Turbine Inlet Temp., °F 

1400 


L.-M. Condenser-Steam Generator 
Temperature, °F 

1100 


Steam Throttle Temperature, °F 

1000 


Reheat Temperature, "F 

1000 


Steam Throttle Pressure, psig 

3500 


Condenser Back Pressure, in Hg abs 

3.5 
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Additional conclusions of the Task I parametric analysis are 
listed in Table 8.31. A list of recommendations applicable to Task II 
are found in Table 8,32. 

The preliminary optimum cycle demonstrated a cycle overall ef~ 
ficiency of 42.4% for potassium and 42.9% for cesium at a cost of elec- 
tricity of about 8.21 and 8.67 mills/MJ (29.6 and 31.2 mills/kwh), 
respectively. These are preliminary results. Additional optimization 
studies will show a significant Increase in cycle efficiency and greatly 
improve the attractiveness of the cost of electricity. Final conclusions 
and judgements on the liquid-metal vapor topping cycle cannot be made 
until the completion of these additional studies. 
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Table 8,31 - Preliminary Conclusions 


1. Pressurized fluidized bed plant is more efficient and more cost ef- 
fective than pressurized furnace plant. 

2. Subbituminous coal is the most cost effective in a pressurized 
fluidized bed. 

3. A gas-heated feedwater provides the most significant improvement In 
plant efficiency. 

4. A gas-heated economizer is cost effective. 

5. Efficiency decreases as the air equivalence ratio increases above a 
minimum value of 1.2. 

6. Increasing the liquid-metal vapor turbine inlet temperature beyond 
1033®K (1400®F) is not economically justifiable, 

7. Increasing steam temperature above 811°K (1000°F) is not cost ef- 
fective for either reheat or nonreheat steam cycles. 

8. A supercritical steam pressure of 24.132 MPa (3500 psi) gauge is 
more efficient and cost effective than is the subcritical steam of 
16.547 MPa (2400 psi) gauge. 

9. Variation of system parameters separately does not provide the opti- 
mum cycle when individual optimums are combined. 

10. Cesium is almost competitive with potassium as the selection of the 
liquid-metal working fluid. 

11, Varied separately and individually, plant efficiency Improves for 
increased compressor pressure ratio in the range 5 to 15 to 1 and 
for decreasing gas turbine inlet temperature in the range 1255“K 
(1800°F) to 1144°K (1600°F) . Recupexatlon in the combustor 
pressurizing subsystem is not economically justifiable. In proper 
combinations together, however, and with stack-gas regeneration, 
potential plant efficiencies are higher at the maximum gas turbine 
inlet temperature [1255''K (1800°F)] and at a compressor pressure 
ratio of 10 with recuperation than the maximum efficiency values 
obtained individually. 
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Table 8.32 - Preliminary Recommendations 


1. Provide a potassium boiler design with nucleation site promoters to 
protect the boiler tubes by reducing the high wall -temperature dif- 
ferences which occur during the vaporization of potassium. 

2. Provide an ejector system on the condenser-steam generator to remove 
noncondensibles . 

3. Provide liquid-metal vapor line sized to 40% full power vapor flow to 
by-pass the turbine and pass vapor directly to the condenser in the 
event of a loss of turbine event. 

4. Provide a saturated liquid-metal by-pass line from the drum to the 
condenser as a means of reducing dissolute corrosion (10% flow) . 

5. Provide a liquid-metal hot trap in the above mentioned saturated 
liquid 10% flow by-pass line to remove oxygen in order to reduce cor- 
rosion. 

6. Perfom a feasibility study of jet pump or natural circulation to re- 
place the recirculation pump . 

7. Perform a feasibility study pf the EM pump as a liquid-metal feed 
pump . 

8. Study the liquid-metal component relative elevations to reduce pump- 
ing requirements . 

9. Reevaluate recuperator ef ftictiveness as a function of the compressor 
pressure ratio and the gas turbine inlet temperature. 

10. Evaluate the gas turbine Intercoollng when recuperation is not feasi- 
ble. 

11. Reevaluate the gas feedwater heater and gas economizer effect on 
cycle. 

12. Evaluate in detail the condenser-steam generator duplex-tube design 
with metallic bonds for liquid -metal/water reaction protection. 
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Table 8.32 continued 

13. Evaluate the thermal stress on the water inlet side 'of the condenser- 
steam generator. 

14. Perform a transient analysis study to determine the saturated liquid 
hold-up requirements of the liquid-metal drum. 

15. Perform a transient analysis study to determine the dump-tank, vent- 
line, and rupture-disk criteria in the event of a liquid-metal/water 
reaction. 

16. Perform a transient analysis of the boiler in liquid-metal/water 
reaction transient. 

17. Analyze the liquid-metal turbine and condenser to mitigate damage 
in the event of steam tube rupture. 

18. Perform detailed design studies of potassium and cesium turbines. 

19. Provide protective partitions separating liquid-metal turbine gene- 
rators and condensers in the event of a liquid-metal/water reaction. 

20. Provide a scrubber system and flame suppressor on liquid-metal/ 
water reaction vent lines. 

21. Evaluate the use of 300 MWe basic power modules to extend the 
capital investment period and provide better availability. 

22. Evaluate component modularization to reduce the time of construc- 
tion. 
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Appendix A 8.1 

LIQUID-METAL RANKINE TOPPING CYCLE 
PARAMETRIC POINTS SYSTEM CONFIGURATION 
AND PARAMETRIC STATE POINTS 
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CASE NO 


1 


POWER OUTPUT (MKE) 

FURNACE PR.FlD 

COAL 

WORKING FLUID 
RECUPERATOR EFFECTIVENESS 
COMPRESSOR PRESSURE RATIO 
AIR equivalence RATIO 

120 0 
.BED 
BIT 
K 

5.0 

15 

1.2 

GAS TURBINE INLET 
TEMPERATURE CDEG-F) 
GAS ECONOMIZER 
GAS FEEDHATEF HEATER 
L.M. CIRCULATION RATIO 
L. M.FEEOHEAT ER 
STAGES OF STEAM REHEAT 

STATE POINTS 

TOTAL FLOW 
lOEQB LBM/HR 

TEMPERATURE 

OEG-F 

1 L.H. turbine INLET 


7.33 2 

1400. GOO 

2 L.M. CONDENSER 



HOC .000 

3 l.m.feeo pump 


5277.000 GPM 

1100.000 

4 L.M.RECIRC PUMP 


13574.000 GPM 

1280. GOO 

E L.H. BOILER INLET 



128 0.000 

E STEAM TURBINE THROTTLE 


6.774 

1000.000 

7 STEAM REHEAT 



0.000 

8 ST.COND.SACK PRESS. 




s final feedwater 



560.000 

10 CONO/SG WATER INLET 



560.000 

11 compressor inlet 


10.320 

59.000 

12 GAS turbine INLET 


11.216 

1600.000 

13 GAS ECON.GAS INLET, 



O.ODO 

14 G-A5 FHH GAS INLET 



Q.QQO 

15 STACK GAS EXHAUST 



344.000 


It AS RECEIVED COAL 


499.’‘‘00T/HR 


»,»««« EFFICIENCIES ♦ ♦ ♦ * * 


1600.0 L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM .267 

NO STEAM CYCLE .420 

2.5 i GROSS PLANT ,380 

NO NET PLANT .370 

0 NET POWER OUTPUT (HWE5 1169.57 

PRESSURE THERMAL LOAD POWER OUTPUT 
PSIA 10E09 BTU/HR MHE 

15.200 186.000 

2.400 5.856 

33.980 .363 

20.610 .173 

6.600 

3515.000 720.600 

O.OOC 

3.50QIN.HG 3.396 




8-108 


CASE NO. 2 


POWER QUTPUT(MHE) 1200 
FURNACE PR.FLD.QED 
CCAl SUB3IT 
WORKING FLUID K 
recuperator EFFECTIvfENESS 0.0 
COMPRESSOR PRESSURE RATIO 15 
AIR EQUIVALENCE RATIO 1.2 


STATE POINTS 

1 L.M. TURBINE INLET 

2 L.M. CONDENSER 

3 L.M. FEED PUMP 

i, L.M.RECIRC PUMP 
b L.M. boiler inlet 
t STEAM TURBINE THROTTLE 

7 steam reheat 
6 st.cond.back press. 

9 FINAL feedwater 

10 CONO/SG WATER INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 
lA GAS FWH GAS INLET 
IE STACK GAS EXHAUST 
It AS RECEIVED COAL 


GAS TURBINE INLET 
TEMPERATURE lOEG-F) 
GAS ECONOMIZER 
GAS FEEDHATEF HEATER 
L.M. CIRCULATION RATIO 
L. M.FEEDHEATER 
STAGES OF STE«M REHEAT 

total FLOW TEMPERATURE 

10E06 LBM/HR OEG-F 

7.113 lifOO.OOO 

1100. GOO 

5085.000 GPH 1100.000 

13080.000 GPH 1280.000 

1260.000 
6.527 1000.000 

0.000 

560.000 

560.000 

10.A27 69.000 

13.318 1800.000 

0.000 
D.OQO 
S51.G00 

611. 600T/HR 


*•**♦» EFFICIENCIES ♦ • ♦ * ♦ 


1^00. a L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM ,280 

NO STEAM CYCLE ,42C 

2.5 1 GROSS PLANT .374 

NO net plant ,365 

0 NET POWER OUTPUT (MHE) 1169.34 

PRESSURE THERMAL LOAD POWER OUTPUT 
P5IA 10E09 BTU/HR MHE 

16.200 161.000 

2.400 6.643 

31.720 .324 

20.230 .155 

6.360 

3515.000 694.400 

0.000 

3.500IN.HG 3.273 



10.940 
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CASE NO. 3 


POWER OUTPUT (HWE) 1200 

FURNACE PR.FlC.3E0 

Coal lig 

working fluid k 

RECUPERATOR EFFECTIVENESS D.D 
COHPRESSOR PRESSURE RATIO 15 
AIR EQUIVALENCE RATIO 1.2 


STATE POINTS ***♦ 

1 L.M*TUR3INE INLET 

2 L.M. CONDENSER 

3 L.M. FEED PUMP 
L.M.RECIRC PUMP 

5 L.M. BOILER INLET 

6 STEAM TURBINE THROTTLE 

7 steam reheat 

e st.conq.back press. 

'9 final feedwater 

10 COND/SG WATER INLET 

11 COMPRESSOR Inlet 

12 GAS TURBINE INLET 

13 gas ECON.GAS INLET* 
lA GAS FNH GAS INLET 
IE STACK GAS EXHAUST 


GAS TURBINE INLET 
TEMPERATURE lOEG-F) 
GAS ECONOMIZER 
GAS FEEOWATEF HEATER 
L.M. CIRCULATION RATIO 
L.M.FEEDHEATER 
STAGES OF STEAM REHEAT 

TOTAL FLOW TEMPERATURE 

1DE06 L8M/HR OEG-F 

6.672 1400.000 

1100. OOQ 

4913.000 GPM 1100. QOQ 

12637.000 GPM 1260.000 

1260.000 
6.306 IQOO.OOO 

0.000 

560.000 

560.000 

10.676 59.000 

12.066 1800.000 

0.000 
0.000 

855.000 


It AS RECEIVED COAL 


ai2.6flOT/HR 


EFFICIENCIES 


IfcOO.O L.M. system .097 

NO PRESSURIZING SUBSYSTEM .295 

NO STEAM CYCLE .420 

2.5 1 GROSS PLANT .366 

NO NET PLANT .356 

0 NET POWER OUTPUT «MWE> 1169.48 

PRESSURE THERMAL LOAD POWER OUTPUT 
PSIA 10ED9 BTU/HR MWE 

15.200 175.006 

2.400 5.t52 

29.770 .293 

19.690 .140 

6.144 

3515.000 670.900 

0.000 

3.500IN.HG 3.162 



11.198 
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CASE NO 


PCHER OUTPUT(MHE) 

FURNACE PR. FUR 

CCAL 

HCRtCiNG FLUIO 
RECUPERATOR EFFECTIVENESS 
COMPRESSOR PRESSURE RATIO 
AIR EQUIVALENCE RATIO 

1200 

NACE 

BIT 

< 

0 . 0 
15 
1.2 

GAS TURBINE INLET 
TEMPERATURE (BEG-F) 
GAS ECONOMIZER 
GAS FEEDWATEF HEAJER 
L.H. CIRCULATION RATIO 
L. M.FEEQHEAT ER 
STAGES OF STEAM REHEAT 

***♦• STATE POINTS 

TOTAL FLOW 
10E06 LBM/HR 

TEMPERATURE 

OEG-F 

1 L.M. TURBINE INLET 


7.327 

IhOD .000 

2 L.M, CONDENSER 



1100. DOG 

3 L.M. FEED PUMP 

3 

245. 000 GPM 

1100.000 

4 l.h.recisc pump 

13491.000 GPM 

1260 .000 

5 L.H. BOILER INLET 



1280.000 

6 STEAM TURBINE THROTTLE 


6.724 

1000.000 

7 STEAM REHEAT 



O.DOO 

6 ST.C0ND.3ACK PRESS. 




S FINAL FEEDWATER 



560.000 

1C COND/SG WATER INLET 



560. COO 

11 COMPRESSOR INLET 


10.056 

59.000 

12 GAS TURBINE INLET 


10. 9b0 

1800.000 

13 GAS ECON.GAS INLET, 



Q.OOO 

14 GAS FHH GAS INLET 



0.000 

15 STACK GAS EXHAUST 



857.000 


le AS RECEItfEO COAL 


520. OQOT/HR 


» • ♦ ♦ ♦ EFFICIENCIES 


lfcOO.3 L.H. SYSTEM .097 

NO PPESSUFIZING SUBSYSTEM ,253 

NO steam cycle .420 

2.; 1 GROSS PLANT .365 

NO NET plant .356 

0 NET POWER OUTPUT (MHEJ il69.88 


PRESSURE THERMAL LOAD POWER OUTPUT 


PSIA i0E09 BTU/HR HHE 

15.200 166.500 

2.400 5.S13 

33.f90 .356 

20.550 .170 

6.551 

3515.000 715.300 

0.000 

3.500IN.HG 3.372 




11.220 
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CASE NO. i 

PCHER OIjTPUT(MHE) 120 0 GAS TUR3INE INLET 

FURNACE PR. FURNACE TEMPERATURE (OEG-F) 

COAL SUB3IT GAS ECONOMIZER 

MCRKING FLUID K GAS FEEDWATER HEATER 

RECUPERATOR EFFECTIVENESS 0.0 L . M.CIRCULAT ION RATIO 

COMPRESSOR PRESSURE RATIO 15 L. H.FEEDHEAT ER 

AIR equivalence RATIO 1.2 STAGES OF STEAM REHEAT 


STATE POINTS 

TOTAL FLOW 
lOEGo L3M/HR 

TEMPERATURE 

OEG-F 

1 

L.M. TURBINE INLET 

7.337 

1400.000 

2 

L.M. CONDENSER 


1100.000 

3 

L.M. FEED PUMP 

i2t5.000 GPM 

1100.000 

4 

L.M.RECIRC PUMP 

13491.000 GPM 

12BQ .000 

r 

L.M. BOILER INLET 


1280 .000 

t 

STEAM TUR3INE THROTTLE 

6.733 

1000.000 

7 

STEAM REHEAT 


0.000 

6 

ST.CONQ.BACK PRESS. 



9 

FINAL FEEDWATER 


560.000 

1C 

CONO/SG WATER INLET 


560.000 

11 

Compressor inlet 

9.950 

59.000 

12 

GAS TURBINE INLET 

10.665 

1800. COO 

13 

GAS ECON.GAS INLET, 


Q.DOO 

14 

GAS FWH GAS INLET 


0.000 

15 

STACK CAS EXHAUST 


357.000 


IE AS RECEIVED COAL 


6O4.fcO0T/HR 


♦ ♦ • 


• ♦ ♦ EFFICIENCIES * * * * * 


ItOO.O L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM .276 

NO steam CYCLE .420 

2.: 1 GROSS PLANT .376 

NO NET plant .369 

0 NET POWER OUTPUT (MHEI 1169.39 

PRESSURE thermal LOAD POWER OUTPUT 
PSIA lOEOg 3TU/HR MWE 

15.200 18E.800 

2.400 5.821 

33.590 .356 

20.550 .170 

6.560 

3515.000 71€.7"T 

0.000 

3.5C0IN.HG 3.376 


14.690 


296.800 


0.000 


O.OOQ 


10.615 



2H“8 


CASE NC 


POWER OUTPUT(MWE) 1200 
FURNACE P^. FURNACE 
COAL LIG 
WORKING FLUID K 
RECUPERATOR EFFECTIVENESS 0.0 
COHPRESSOR PRESSURE RATIO 15 
AIR equivalence RATIO 1.2 


*♦** state POINTS ♦*** 

1 L.M. turbine inlet 

2 L.M. CONDENSER 

3 L.M. feed pump 

A L.H.RECIRC pump 
£ L.M. BOILER INLET 
e STEAM TURBINE THROTTLE 
7 STEAM REHEAT 
6 ST.CONO.BACK PRESS. 

9 FINAL FEEDWATER 

10 COND/SG WATER INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 
lA GAS FWH GAS INLET 
IE STACK GAS EXHAUST 
IE AS RECEIVED COAL 


GAS TURBINE INLET 
TEMPERATURE TOEG-F) 
GAS ECONOMIZER 
GAS FEEDWATER HEATER 
L. M. CIRCULATION RATIO 
L. M.FEEDHEATEk 
STAGES CF STEAM REHEAT 

TOTAL FLOW TEMPERATURE 

lOeoG LBM/Hk OEG-F 

7.353 1<^00.000 

1100.000 

52A5.000 GPM 1100.000 

13G91.000 GPM 1280.000 

1280.000 
6.7v7 1000. DOO 

O.GQO 

560.000 
=60.000 

9.826 59.000 

10.809 1800.000 

0.00 0 
0.000 

858.000 

776.100T/HR 


* * * • • * EFFICIENCIES • • ♦ * ♦ 


1600.0 L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM ,281 

NO STEAM cycle ,420 

2.6 1 GROSS plant .383 

NO NET PLANT .373 

0 NET POWER OUTPUT (MWE» 1169.39 

PRESSURE THERMAL LOAD POWER OUTPUT 
PSIA 10E09 BTU/HR MWE 

15,200 187.300 

2.A00 5.633 

33.590 ,356 

20.550 .170 

6.575 

3515.000 717.800 

0.00 0 

3.5Q0IN.HG 3.383 


14.690 


0.000 


294.600 


0.000 



10.695 
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CASE NO. 7 


POWER OUTPUT(HHE) 1200 GAS TUR3INE INLET 

FURNACE FR.FLD.3ED TEMPERATURE (OEG-F) 

COAL BIT GAS ECONOMIZER 

WORKING FLUID 1C GAS FEEDWATER HEATER 

RECUPERATOR EFFECTIVENESS .7 L.M. CIRCULATION RATIO 

COMPRESSOR pressure RATIO 15 L. M.f EEOHEATER 

AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 


STATE POINTS **** 

1 L.M. TURBINE INLET 

2 L.M.CONOENSER 

3 L.M. FEED PUMP 

L L.M.RECIRC PUMP 

5 L.M. BOILER INLET 

t STEAM TURBINE THROTTLE 
7 STEAm REHEAT 

6 ST.COND.BACK PRESS. 

S FINAL FEEDWATER 

10 CONO/SG WATER INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 
lA GAS FMH GAS IHLET 
1£ STACK GAS EXHAUST 


total flow 

TEMPERATURE 

10E06 L8M/HR 

OEG-F 

7.463 

1400.000 


1100.000 

5337.000 GPM 

liOO.OOQ 

13730.000 GPM 

1280.000 


1260.000 

6. 846 

1000.000 


0.000 


560.000 


560.000 

10.197 

59.000 

11.062 

1600.000 


0.000 


0.000 


601.000 


Ifc AS RECEIVED COAL 


493.400T/HR 


EFFICIENCIES 


IbOO.Q L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM ,272 

NO steam CYCLE .420 

2.*= 1 GROSS PLANT .385 

MO NET PLANT .375 

0 NET POWER OUTPUT (HWE> 1169.36 

PRESSURE THERMAL LOAD POWER OUTPUT 

PSIA 10E09 8TU/HR HWE 

15.200 190.000 

2.400 5.920 

34.700 .375 

20.740 .179 

6.673 

3515.000' 728.600 

0 . C9 0 

3.50QIN.HG 3.434 



10.645 





CASE NO. 8 


POWER OUTPUT(MWE) 1200 
FURNACE PR. FLO. BED 
COAL 3IT 
WORKING FLUID K 
RECUPERATOR EFFECTIVENESS .8 
CCHPRESSOk pressure ratio 15 
AIR Eaul VALENCE RATIO 1.2 


***♦•♦ EFFICIENCIES 

GAS TURBINE INLET 

TEMPERATURE (DEG-Fl lEOO.O L.M. SYSTEM 

GAS economizer NO PRESSURIZING SUBSYSTEM .274 

GAS feedwater heater no STEAM CYCLE .420 

L.M. CIRCULATION RATIO 2.5 1 GROSS PLANT .365 

L.M.FEEOHEATER no NET PLANT .376 

STAGES OF STEAM REHEAT 0 NET POWER OUTPUT fMWEI 1169.36 




total flow 

TEMPERATURE 

PRESSURE 

THERMAL LOAD 

POWER OUTPUT 

STATE POINTS 

10E06 L3M/HR 

• deg-f 

PSIA 

10E09 

8TU/HR 

HME 

1 

L.M. TURBINE INLET 

7.V69 

IsQO.OOO 

15 . 20 0 



190.200 

2 

L.M. CONDENSER 


1100.000 

2.400 


5.925 


3 

l.m.feed pump 

5337.000 GPM 

1100.000 

34.700 



.375 

L 

L.M.RECIRC PUMP 

13730.000 GPM 

1280.000 

20.740 



.179 

r 5 

H* 

L.M. BOILER INLET 


1280.000 



6.678 


" 6 

STEAM TURBINE THROTTLE 

6. 854 

1000.000 

3515.000 



729.100 

7 

STEAM REHEAT 


0.000 

O.QQO 




e 

ST.COND.BACK PRESS. 



3.500IN. 

HG 

3.437 


9 

final FEEDWATER 


560.000 





1C 

COND/SG WATER INLET 


560 .000 





11 

COMPRESSOR INLET 

10. 172 

59.000 

14.690 




12 

GAS TURBINE INLET 

11. 054 

1800.000 




260.600 

13 

GAS ECON.GAS INLET, 


Q.QOO 



O.DGO 


lA 

GAS FWH GAS INLET 


0.000 



0.000 


15 

STACK GAS EXHAUST 


794.000 






16 AS RECEIVED COAL 


492. 200T/-HR 


10,620 



8-115 


CASE NO 


9 


POWER OUTPUKMWE) 120G GAS TURBINE INLET 

furnace PR.PUKNACE TEMPERATURE (GEG-F) 

COAL 31 T GAS ECONOMIZER 

WORKING FLUID K GAS FEEDWATER HEATER 

RECUPERATOR EFFECTIVEtJESS .7 L. M*CIRCULATION RATIO 

COMPRESSOR PRESSURE RATIO 15 L. M.FEEDHEATER 

AIR EQUIVALENCE RATIO 1,2 STAGES OF STEAM REHEAT 




TOTAL FLOW 

TEMPERATUR 

**** STATE POINTS **** 

10E06 L&M/HR 

DEG-F 

1 

L.M. TURBINE INLET 

7.395 

l-.00.aQO 

Z 

L.M. CONDENSER 


1100. 000 

3 

L.M. FEED PUMP 

5291.000 GPH 

1100.000 

L. 

L.M.RECIRC PUMP 

13610.000 GPm 

1280.000 

C 

L.M. BOILER INLET 


1280 .000 

6 

STEAM TURBINE THROTTLE 

6.789 

1000.000 

7 

STEAM REHEAT 


0.000 

8 

ST.CONO. BACK PRESS. 



9 

FINAL FEEDWATER 


560.000 

10 

COND/SG HATER INLET 


560 .000 

11 

COMPRESSOR INLET 

9.973 

59.000 

12 

GAS TURBINE INLET 

10.870 

1800.000 

13 

GAS ECON.GAS INLET. 


0.000 

li^ 

GAS FHH GAS INLET 


Q .000 

15 

STACK gas EXHAUST 


327 ,000 


le AS RECEIVED COAL 


515.300T/HR 


EFFICIENCIES » * » * * 


IcOO.O L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM , 2b5 

NO STEAM CYCLE .420 

2.5 1 GROSS PLANT .368 

NO NET PLANT .359 

0 NET POWER OUTPUT (MHEJ 1169.38 

PRESSURE THERMAL LOAD POWER OUTPUT 

PSIA 1DE09 BTU/HR MWE 

15.200 188.400 

2.400 5.669 

34.1^0 .365 

20.6AQ .175 

6.515 

3515.000 722.300 

D.QOQ 

3.500IN.HG 3.404 



11.118 



8-116 


CASE NO. 10 


POWER OUTPUTINWE) 1200 
FURNACE PR. FURNACE 
GCAL 3IT 
WORKING FLUID K 
RECUPERATOR EFFECTIVENESS .6 
COMPRESSOR PRESSURE RATIO 15 
AIR EQUIVALENCE RATIO 1.2 


**** STATE POINTS ***» 

1 L.H. TURBINE INLET 

2 L.M. CONDENSER 

3 L.H.FEEG PUMP 

A l.m.recirc pump 

5 L.M. BOILER INLET 

e STEAM TURBINE THROTTLE 

7 steam reheat 

6 ST.COND.SACK PRESS. 

9 FINAL FEEDWATER 

1C CONO/SG WATER INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 

It. GAS FWH GAS INLET 
IE STACK GAS EXHAUST 
16 AS received COAL 


GAS TURBINE INLET 
TEMPERATURE (OEG-FJ 
GAS ECONOMIZER 
GAS FEEDWATER HEATER 
L.M. CIRCULATION RATIO 

l.m.feeoheater 

STAGES OF STEAM REHEAT 

TOTAL FLOW TEMPERATURE 

lOEOo LBM/HR DEG-F 

7.403 1400.000 

1100. DOQ 

5291.000 GPM 1100.000 

13G10.000 GPM 1280.000 

1280.000 
6.793 1000.000 

0.000 

360.000 

360.000 
59.000 

1800.000 
0.000 
0.000 

321.000 


9.913 
10. 648 


514.200T/HR 


* * • ♦ * • EFFICIENCIES ♦ ♦ • • • 


IfcOO.O L.M.STSTEH .097 

NO PRESSURIZING SUBSYSTEM .267 

NO STEAM CYCLE .420 

2.5 1 GROSS PLANT .369 

NO NET PLANT .360 

0 NET POWER OUTPUT <HWE) 1169.38 


PRESSURE 

PSIA 

15.200 

2.400 

34-140 

20.640 

3515.000 

0.00 0 


THERMAL LOAD POWER OUTPUT 
10E09 BTU/HR HWE 

188.500 

5.873 

.365 

.175 

6.619 

722.700 


3.5001N.HG 3.406 


14.690 


288.700 

0.000 

Q.OOQ 


is 

i>:2 


11.094 



8-117 


CASE NO. 11 


POWER OUTPUT (HWE) 12QQ GAS TUR6INE INLET 

furnace pr.fld.3Eo temperature (DEG-FI 

CcAl 31 t gas economizer 

WORKING FLUID K GAS FEEDWATER HEATER 

recuperator effectiveness q.q l.m. circulation ratio 

compressor pressure ratio 15 - l.h.feeoheater 

AIR equivalence RATIO 1.2 STAGES OF STEAM REHEAT 




total flow 

TEMPERATURE 

**** STATE POINTS »**♦ 

10E06 LBM/HR 

OEG-F 

1 

L.M. TURBINE INLET 

7. 332 

IhQG.OOO 

2 

L. M. CONDENSER 


1100.000 

3 

L.K.FEED PUMP 

5277.000 GPM 

1100.000 

L 

L.M.RECIPC PUMP 

-0.000 GPM 

1100.000 

c 

L.M. BOILER INLET 


1100.000 

E 

STEAM TURBINE THROTTLE 

6.774 

1000.000 

7 

STEAM REHEAT 


0.000 

8 

ST.COND.EACK PRESS. 



9 

FINAL FEEDWATER 


560.00-0 

1C 

CONO/SG WATER INLET 


560.000 

11 

COMPRESSOR INLET 

10.321 

59.000 

12 

GAS TURBINE INLET 

11.217 

1300.000 

13 

GAS ECON.GAS INLET, 


0.000 

14 

GAS FWH GAS INLET 


0.^00 

15 

STACK. GAS EXHAUST 


044 . oor; 


It AS RECEIVED COAL 


‘♦Sg.ZOOT/HR 


EFFICIENCIES 


ISOO.O L.M. SYSTEM .097 

NO PRESSURIZING SUaSYSTEH .267 

NO STEAM CYCLE .420 

1 1 GROSS PLANT .380 

NO NET PLANT .370 

0 NET POWER OUTPUT (MHE) 1169.68 

PRESSURE THERMAL LOAD POWER OUTPUT 
PSIA 10E09 BTU/HR MWE 

15.200 188.000 

2.400 5.856 

31.240 .331 

- 0.000 - 0.000 

6.6P0 

3515.000 720.700 

0.00 0 

3.500IN.HG 3.396 



10.775 



8-118 


CASE NO. 12 


POWER OUTPUT IMWE) 1200 
FURNACE PR. FURNACE 
COAL BIT 
WORKING FLUID K 
RECUPERATOR EFFECTIVENESS 0.0 
COMPRESSOR PRESSURE RATIO 15 
AIR EQUIVALENCE RATIO 1.2 


STATE POINTS 

1 L.M. TURBINE INLET 

2 L.M. CONDENSER 

3 L.M.FEED PUMF 

L L.M.RECIRC PUMP 

6 L.M. BOILER INLET 

e STEAM TURBINE THROTTLE 

7 STEAM REHEAT 

8 ST.COND.BACK PRESS. 

9 final feedwater 

10 CONO/SG hater INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 

IL GAS FHH GAS INLET 
IE STACK GAS EXHAUST 
le AS RECEIVED COAL 


GAS TURBINE INLET 
TEMPERATURE (DEG-F> 
GAS ECONOMIZER 
GAS FEEDWATER HEATER 
L.M. CIRCULATION RATIO 
L.M.FEEDHEATER 
STAGES OF STEAM REHEAT 

TOTAL FLOW TEMPERATURE 

10EQ6 LBM/Hr OEG-F 

7.323 moo. COO 

IIQQ.OOQ 

5235. OCO GPM 1100.000 

-0.000 GPM 1100.000 

1100.000 

6.720 1000.000 

0.000 

560.000 

360.000 

10.032 59.000 

10.956 1300. 000 

0.000 
0.000 

857.000 

519.«*00T/HR 


EFFICIENCIES ♦ • ♦ • ♦ 


ILOO.O' L.M. SYSTEM ,097 

NO PRESSURIZING SUBSYSTEM .263 

NO STEAM CYCLE .420 

1 1 GROSS PLANT .365 

NO NET plant .356 

3 NET POWER OUTPUT (MHE) 1169.58 




11.207 



8-119 


POWER OUTPUTC-IHE) 

FURNACE PR. FLO 

COAL 

WORKING FLUID 
RECUPERATOR EFFECTIVENESS 
COMPRESSOhi PRESSURE RATIO 
AIR EQUIVALENCE RATIO 

**** STATE POINTS **** 

1 L.M. TURBINE INLET 

2 L. M. CONDENSER 

3 L.M. FEED PUMP 

t L.M.RECIRC PUMP 
E- L.M. BOILER INLET 
e steam TURBINE THROTTLE 

? steam reheat 

£ ST.C0ND.3ACK PRESS. 

S FINAL feedwater 
IQ COND/SG HATER INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 
lA GAS FHH GAS INLET 
IF STACK Gas exhaust 


CASE NO. 13 


120 0 

GAS TURBINE INLET 


.3ED 

TEMPERATURE (UEG-F) 

IfcOO.O 

BIT 

Gas economizer 

NO 

K 

gas feedwater heater 

YES 

0.0 

L.M. CIRCULATION RATIO 

2.5 1 

15 

L. M.FEEDHEAT ER 

NO 

1.2 

STAGES OF steam REHEAT 

0 


♦ * , * * efficiencies • ♦ ♦ * ♦ 


L.M. system .097 
PRESSURIZING SUBSYSTEM .265 
STEAM CYCLE .440 
gross plant .457 
NET plant .445 
NET POWER OUTPUT (MHE) 1169.70 


TOTAL FLOW 
0E06 L3H/HR 

TEMPERATURE 

deg-f 

PRESSURE Thermal load 

PSIA 10E09 BTU/HR 

POWER OUTPUT 
HWE 

6.1L0 

1400. GOO 

15.200 


156.400 


HDD .000 

2.400 

5.871 


4389.000 GPM 

1100. COO 

24.250 


.209 

11290.000 GPM 

1260.000 

18.950 


.100 


1280.000 


5.490 


5.214 

1000.000 

3515.000 


802.800 


0.000 

0.000 





3.500IN.HG 

3.487 



492.000 





492.000 




8.584 

59. COO 

14.690 



9.329 

1800.000 



240.800 


0.000 


0.000 



-35 2.00 0 


1.355 



290.000 





le AS RECEIVED COAl 


415.400T/HR 


6.963 



8-120 


CASE NO. 14 


POWER OUTPuTtMWE) 1200 GAS TUR3INE INLET 

FURNACE PR, FURNACE TEMPERATURE (DEG-F) 

CCAL aiT GAS ECONOMIZER 

WORKING FLUID K GAS FEEOHATEF HEATER 

RECUPERATOR EFFECTIVENESS 0.0 L. H. CIRCULATION RATIO 

COMPRESSOR PRESSURE RATIO 1? L. M.FEEOHEATER 

air equivalence RATIO 1.2 STAGES OF STEAM REHEAT 




total flow 

TEMPERATURE 

***»^ STATE POINTS 

10EJ6 LBM/HR 

OEG-F 

1 

L.H. TURBINE INLET 

6 . 053 

IhDQ.QOO 

2 

L.M. CONDENSER 


1100.000 

3 

L.M.FEED PUMP 

-327.000 GPM 

1100. GOO 

4 

L.M.RECIRC PUMP 

11130.000 GPM 

1280.000 

e 

L.M. BOILER INLET 


1280.000 

t 

STEAM TURBINE THROTTLE 

5.194 

1OQD.O00 

7 

STEAM REHEAT 


0.000 

e 

ST.COND.3ACK PRESS. 



9 

FINAL FEEDWATER 


h92.00Q 

10 

CONO/SG HATER INLET 


492.000 

11 

COMPRESSOR INLET 

8.307 

59.000 

12 

GAS TURBINE INLET 

9.054 

1800.000 

13 

GAS ECON.GAS INLET, 


0.000 

14 

GAS FHH GAS INLET 


865.000 

15 

STACK GAS EXHAUST 


290.000 


It AS RECEIVED COAL 


429.200T/HR 


« ^ « 4^ « EFFICIENCIES * ♦ • ♦ • 


1600.0 L.H. SYSTEM ,097 

NO PRESSURIZING SUBSYSTEM ,263 

YES STEAM CYCLE .440 

2.E 1 GROSS PLANT ' .425 

NO NET Plant .415 

0 NET POWER OUTPUT (HWE) 1169.71 


PRESSURE 

PSIA 

15,20 0 

2.H00 

23.E3Q 

18.640 

3515.000 


THERMAL LOAD POWER OUTPUT 
1CE09 BTU/HR MHE 

154.100 

5.602 

.200 

.096 

5.411 

799.600 


0.000 


3.500IN.HG 3.474 


14.690 


246.300 


0.000 


1.401 


9.630 


BEPRODUCr”? TTY OF TITF 

A - ^ '-'i XAli’y 



8-121 


CASE NO. 15 


POWER OUTPOT‘l.«!WE) 1200 
FURNACE PR.FLD.BEO 
COAL aiT 
WORKING FLUID K 
RECUPERATOR EFFECTIVENESS 0.0 
COMPRESSOR PRESSURE RATIO 15 
AIR EQUIVALENCE RATIO 1.2 


STATE POINTS **** 

1 L.M. TURBINE INLET 

2 L.M. condenser 

3 L.M. FEED PUMP 

L L.H.RECIRC PUMP 
t L.M. BOILER INLET 
t STEAM TURBINE THROTTLE 
7 STEAM reheat 
fc ST.COND.BACK PRESS. 

9 FINAL FEEDWATER 

10 CONO/SG WATER INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 
lA GAS FWH GAS INLET 

IE stack gas exhaust 

IE AS RECEIVEO COAL 


r.as TURBINE INLET 
TEMPERATURE (DEG-F) 
GAS ECONOMIZER 
GAS FEEDWATER HEATER 
L.H. circulation RATIO 
L.M.FEEOHEATER 
STAGES OF STEAM REHEAT 

TOTAL FLOW TEMPERATURE 

10E06 LBH/HR DEG-F 

6.697 1-^00.000 

1100.000 

3G39.000 GPM 1100.000 

12315.000 GPH 1280.000 

1280.000 
6.417 1000.000 

0.000 

<f92.000 

560.000 

59.000 

1800.000 

852.000 

0.000 

290.000 


9.363 

10.176 


453.100T/HR 


EFFICIENCIES 


ISDO.O L.M. SYSTEM .097 

YES PRESSURIZING SUBSYSTEM .265 

NO STEAM CYCLE .432 

2.5 1 GROSS PLANT .419 

NO NET PLANT .408 

0 NET POWER OUTPUT (HWEt 1168.93 


PRESSURE 

PSIA 

15.200 

2.400 

20.400 

19.660 

3515.000 

0.000 


THERMAL LOAD POWER OUTPUT 
10E09 3TU/HR MWE 

170.500 

5.313 

.271 

.129 

5.9B7 

766.100 


3.500IN.HG 3.466 



9.776 



CASE NO. 16 


PCHER OUTPUT (MWE) 12C0 GAS TURBINE INLET 

FURNACE P-.FU-NACE TEMPERATURE (OEG-F) 

CCAL 3IT GAS ECONOMIZER 

HORRING FLUID K GAS FEEOHATER HEATER 

recuperator EFFECTIVENESS 3.0 L. M. CIRCULATION RATIO 

CCHPRESSOR PRESSURE RATIO 15 L. M.FEEOHEATER 

AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 





tg 




total flow 

TEMPERATURE 

**** STATE POINTS •*** 

1QE35 LBM/HR 

CEG-F 

1 

L.H. TURBINE INLET 

6. 622 

1400.000 

2 

L.M.CONDENSEPv 


1100. COO 

3 

L.M.FEEO PUMP 

4734. 000 GPM 

1100.000 

L 

L.M.RECIRC PUMP 

12177.000 GPM 

1280.000 

c 

L.H. BOILER INLET 


1280.000 

£ 

STEAM TURBINE THROTTLE 

6.576 

1000.000 

7 

STEAM REHEAT 


0 .000 

e 

ST.CONO.OACK PRESS. 



c 

FINAL FEEDWATER 


492.000 

IG 

CONO/SG WATER INLET 


560.000 

11 

COMPRESSOR inlet 

9.090 

59.000 

12 

GAS TURBINE INLET 

9.907 

1800.000 

13 

gas econ.gas inlet. 


865.000 

14 

GAS FMH GAS INLET 


0.000 

15 

STACK GAS EXHAUST 


290.000 

It 

AS RECEIVED COAL 

469.700T/HR 



« » « « » efficiencies 


ItOG.O L.H. SYSTEM .097 

YES PRESSURIZING SUBSYSTEM .263 

NO steam cycle .432 

2.5 1 GROSS PLANT .404 

NO NET PLANT .394 

0 NET POHER 0UTPUT<HHE» 1169.62 

PRESSURE THERMAL LOAD POHER OUTPUT 

PSIA 10E09 3TU/HR MHE 

15.200 168.600 

2.400 5.254 

27.810 .262 

19.560 .125 

5.921 

3515.000 762.000 

0.000 

3.5Q0IN.HG 3.419 



10.134 



CZt-8 


CASE NO. 17 


PCWER OUTPUT(HWE) 120D GAS TU<13INE INLET 

FURNACE P-'.FLO.aEO TEMPERATURE <OEG-F) 

CCAL 3IT GAS ECONOMIZER 

working fluid K gas FEEOWATER HEATER 

RECUPERATOR EFFECTIVENESS 0.0 L. M. CIRCULATION RATIO 

COMPRESSOR PRESSURE RATIO 6 L. M.FEEOHEATER 

AIR equivalence ratio 1.2 STAGES OF STEAM REHEAT 


**** STATE POINTS **** 

TOTAL FLOW 
10E06 LBM/HR 

TEMPERATURE 

OEG-F 

1 

L.H. TURBINE INLET 

7.265 

1^400 .000 

2 

L.H. CONDENSER 


ilOO.QOO 

3 

l.m.feed pump 

5194.000 GPM 

1100.000 

4 

L.H.RECIRC PUMP 

1336<:0. 000 GPM 

1280.000 

c 

L.M. BOILER INLET 


1280.008 

6 

STEAM TURBINE THROTTLE 

6.667 

1000.000 

7 

STEAM REHEAT 


0.000 

e 

ST.CONO. EACK PRESS. 



5 

FINAL FEEDWATER 


560. OOQ 

10 

C0ND/S6 WATER INLET 


560.000 

11 

COMPRESSOR INLET 

11,682 

59.000 

12 

GAS TURBINE INLET 

12.696 

180C.OOO 

13 

GAS ECON.GAS INLET, 


0 .000 

14 

GAS FWH GAS INLET 


0.000 

15 

STACK GAS EXHAUST 


1150.000 


It AS RECEIVED COAL 


565. 300T/HR 


♦ efficiencies * ♦ • • ♦ 


lf:00.0 L.H. SYSTEM ,097 

NO PRESSURIZING SUSSYSTEM .201 

NO STEAM CYCLE .<»20 

2.S 1 GROSS plant .336 

NO NET PLANT .327 

0 NET Power output (mwei 1169 . bo 

PRESSURE thermal LOAD POWER OUTPUT 
PSIA 10E09 BTU/HR MHE 

15.200 105.000 

2.400 5,763 

3Z.°a0 .346 

20.-»40 .165 

6.495 

3515.000 . 705.300 

0.000 

3.BQ0IN.HG 3.343 


14.690 


305.700 

0.000 

0.000 


12.197 





CASE NO. 16 


EFFICIENCIES 


POWER OUTPUT {'1HE) 120 0 
FURNACE P=.FL0.3ED 
coal bit 

WORKING FLUID K 
RECUPERATOR EFFECTIVENESS 0.0 
COMPRESSOR PRESSURE RhTIG 10 
AIR equivalence FATIO 1.2 


GAS TURBINE INLET 

TEMPERATURE (OEG-F) 1600.0 

GAS economizer no 

GAS FEEDWATER HEATER NO 

L.M. CIRCULATION RATIO 2.r 1 
L.M.FEEOhEATER NO 

STAGES OF STEAM REHEAT 0 


L.M. SYSTEM .097 
PRESSURIZING SU3SYSTEH ,2b2 
STEAM CYCLE .L20 
GROSS PLANT .368 
NET plant .359 
NET POWER OUTPUT (MWE» 1169.50 



total flow 

temperature 

PRESSURE 

THERMAL LOAD 

POWER output 

**** STATE POINTS 

10E06 LBM/HR 

DEG-F 

PSIA 

10E09 BTU/HR 

mwe 

1 L.M. TURBINE INLET 

7.224 

ILOO.OOO 

15.20 0 


184.000 

2 L.M. CONDENSER 


IIQQ .000 

2.400 

S.731 


3 L.M. FEED PUMP 

5150.000 GPH 

■ 1100. GOO 

32.930 


.346 

A L.M.RECIKC PUMP 

13360.000 GPH 

1260.000 

20.440 


.165 

5 L.M. BOILER INLET 


1280.006 


6 « 459 


t STEAM TURBINE THROTTLE 

6.629 

1000. QOG 

3515.000 


705.300 

7 STEAM REHEAT 


0.000 

Q.OOQ 



e ST.CONO.BACK PRESS. 



3. 50 0 IN. 

HG 3.324 


5 FINAL FEEOHATER 


560.000 




10 CONO/SG WATER INLET 


560.000 




11 COMPRESSOR INLET 

10.662 

59.000 

14.690 



12 GAS TURBINE INLET 

11.588 

1800.000 



310.700 

13 GAS ECON.GAS INLET, 


O.OQO 


0.000 


lA GAS FWH GAS INLET 


0.000 


O.OOQ 


11 STACK GAS EXHAUST 


949.000 




16 AS RECEIVED COAL 

515.900T/HR 



11.131 



8-125 


CASE NO. 19 


PCWER OUTPUT (MWE) 1200 GAS TUR3INE INLET 

FURNACE PR.FLC.3E0 TEMPERATURE (OEG-F) 

CCAl 3IT GAS ECONOMIZER 

HCRKING FLUIO K gas feedwater HEATER 

RECUPERATOR EFFECTIVENESS 0.0 L. M. CIRCULATION RATIO 

COMPRESSOR PRESSURE RATIO 15 L. M.FEEOHEATER 

AIR. EQUIVALENCE RATIO 2.0 STAGES OF STEAM REHEAT 


STATE POINTS **** 

TOTAL FLOW 
10E36 LBM/HR 

TEMPERATURE 

DEG-F 

1 

L.M. TURBINE INLET 

5.769 

1400. CDO 

2 

L.M. CONDENSER 


1100.000 

3 

L.H.FEED PUMP 

4130.000 GPH 

1100.000 

A 

L.M.RECIRC PUMP 

10645.000 GPM 

1280.000 

5 

L.M. BOILER INLET 


1280.000 

t 

STEAM TURBINE THROTTLE 

5. 313 

1000.000 

7 

STEAM REHEAT 


0.000 


6 ST.COND.BACK PRESS. 

0 final FEEDWATER 

10 COND/SG HATER INLET 

11 COMPRESSOR INLET 18.4B5 

12 GAS TURBINE INLET 20.039 

13 GAS ECON.GAS INLET. 

IL GAS FHH GAS INLET 
IE STACK Gas EXHAUST 

16 AS RECEIVED COAl 894. LOOT/HR 


5150.000 

560.000 
59.000 

laoo.ooo 

0.000 

0.000 

317.000 


EFFICIENCIES 


leOO.Q L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM .125 

NO STEAM CYCLE .420 

2.5 1 GROSS PLANT .212 

NO net PLANT .207 

0 NET POWER OUTPUrCMMEI 1169.61 

PRESSURE THERMAL LOAD POWER OUTPUT 
PSIA 10E09 BTU/HR HWE 

15.200 147.400 

2.400 4.593 

21.810 .175 

20.350 .129 

5.175 

3515.000 565.200 

Q.QOO 

3.500IN.HG 2.664 



19.297 



CaSE NO. 20 


PCHER OuTPUT(fiWE) 1200 GAS TUR3INE INLET 

FURNACE P%.rLC.3ED TEMPERATURE (OEG-F) 

COAL 3IT GAS ECONOMIZER 

KCRKING FLUIO K GAS FEEOWATEF HEATER 

RECUPERATOR EFFECTIVENESS O.G L. M.CIRCULAT ION RATIO 

COMPRESSOR PRESSURE RATIO 1? L . M .FEEOHE AT EK 

AIR EQUIVALENCF RATIO 3.C STAGES OF STEAM REHEAT 


TOTAL FLOM TEMPERATURE 

♦*** STATE POINTS ***♦ 1CE03 L8M/HR DE6-F 

1 L.M. TURBINE INLET 3.A21 lAOa.OOO 

2 L.M. CONDENSER 1100.000 

3 L.M. feed PUMP 2VR6.000 GPM 1100.000 

L L.M.RECIRC PUhP 6290.000 GPM 1280.000 

E L.M. BOILER INLET 1200.000 

^ t STEAM TURBINE THROTTlE 3.148 1000.000 

7 STEAM REHEAT G.OOO 


8 S7.COND.3ACK PRESS. 



9 FINAL FEEOHATER 
ifl COND/SG HATER INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 
lA GAS FHH GAS INLET 

15 STACK GAS EXHAUST 

16 AS RECEIVED COAL 




560 

.000 



56 0 

.000 

30. 

770 

59 

.000 

33. 

44l 

1600 

.000 



0 

.000 



0 

.000 



805 

.000 


1488.900T/HR 


****** efficiencies • • • * ♦ 


IcGO.O L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM .096 

NO STEAM CYCLE .420 

2.= 1 GROSS PLANT .127 

NO NET PLANT .124 

Q NET POWER OUTPUT(MHE) 1169.77 

PRESSURE thermal LOAD POWER OUTPUT 
P5IA 10E09 BTU/HR HHE 

15.200 87.400 

2.400 2.722 

32.440 .160 

20.350 .076 

3 . 068 

3515.000 334.900 

0.00 0 

3.500IN.HG 1.579 



32.125 



8-127 


CASE NO. 21 


PCWER OUTPUT (MWE) 1200 GAS TUR3INE INLET 

FURNACE PR.FLC.3ED TEMPERATURE (DEG-F) 

COAL BIT gas economizer 

WORKING FLUID K GAS FEECWATER HEATER 

RECUPERATOR EFFECTIUENESS 0,0 L. M. CIRCULATION RATIO 

COMPRESSOR PRESSURE RATIO 15 L. M.FEEDHEaTER 

AIR EQUIVALENCE RATIO 1.2 STASES OF STEAM REHEAT 




TOTAL FLOW 

TEMPERATURE 

**** STATE POINTS 

1QEJ5 LBM/HR 

CEG-F 

1 

L.M. TURBINE INLET 

7.633 

1400.000 

2 

L.M. CONDENSER 


1100.000 

3 

L.M. FEED PUMP 

5635.000 GPM 

1100.000 

c 

L.M.RECIRC PUMP 

1-*496.00D GPM 

1280.000 

p 

L.M. BOILER INLET 


1280.000 

6 

STEAM TURBINE THROTTLE 

7.234 

1000. 000 

7 

steam reheat 


O.COO 

6 

ST.CONO.BACK PRESS. 



5 

final FEEDWATER 


3o0 . 000 

10 

COND/SG WATER INLET 


560.000 

11 

COMPRESSOR INLET 

9. 737 

59.000 

12 

GAS turbine INLET 

10.583 

1600.000 

13 

GAS Egon. GAS inlet. 


0.000 

it 

GAS FWH GAS INLET 


0.000 

IE 

ST»iCK GAS EXHAUST 


726.000 


It AS RECEIVED COAL 


R7i. IOOT/HR 


efficiencies ♦ ♦ ♦ * ♦ 


ItDO.O L.M.SVSTEM .097 

NO PRESSURIZING SUBSYSTEM .291 

NO STEAM CYCLE .420 

2.5 1 GROSS PLANT .403 

NO NET plant ,393 

0 NET PCWER OUTPUT (MWE) 1169.27 

PRESSURE THERMAL LOAD POWER OUTPUT 
PSIA 10E09 BTU/HR MWE 

15.200 200.700 

2.400 6.253 

38.410 .442 

21.370 .211 

7.046 

3515.000 769.500 

0.000 

3.5C0IN.H6 3.627 



10.165 



8-128 


CASE MG. 22 


PCHER OUTPUT (MHE) 1200 
FURNACE Pa.FLU.3ED 
CCAL 3IT 
WORKING FLUID K 
RECUPERATOR EFFECTIVENESS 0.0 
COMPRESSOR PRESSURE RATIO 15 
AIR EUUIWALENCE RATIO 1.2 


**♦* STATE POINTS 

1 L.M, TURBINE INLET 

2 L.M, CONDENSER 

3 L.M.FEED PUMP 

L L.M.RECIfiC PUMP 
5 L.M. BOILER Inlet 
e STEAM TURBINE THROTTLE 
7 STEAM REHEAT 
e ST.COND.BACK PRESS. 

9 final feedwater 

10 CONo/SG hater INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 

IL GAS FHH GAS INLET 
ij stack gas exhaust 
1€ AS RECEIVED COAL 


GAS TURBINE INLET 
temperature IOEG-F) 

GAS economizer 

GAS FEEDWATER HEATER 
L.M.CIRCULATICN RATIO 
L.M.FEEDHEATER 
STAGES OF steam REHEAT 

TOTAL FLOW TEMPERATURE 

lOEDS L8M/MR OEG-F 

7.639 l<*00.001) 

1100.000 

3m60. 000 GPM 1100.000 

14047.000 GPM 1280.000 

1280.000 
7.010 1000.000 

0.000 

560.000 

560.000 
9.9^1 59.000 

10.604 1700.000 

0.000 
0.000 

790.000 

461. QOOT/HR 


EFFICIENCIES 


1700.0 L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM .284 

NO STEAM cycle .420 

2.5 1 GROSS PLANT .394 

NO NET plant .385 

0 net POWER OUTPUT (MHEl 1169.32 

PRESSURE THERMAL LOAD POHER OUTPUT 
PSIA 10E09 BTU/HR HWE 

15.200 194.500 

2.i»00 6.06-3 

36,220 .402 

21.000 .192 

6. 330 

3515.000 745.803 

0.000 

3.500IN.HG 3.515 



10.373 



8-129 


CASE NC. 23 


PCHER OUTPUT(MHE) 12D0 GAS TURBINE INLET 

FURNACE PR.FL0.3E0 TEMPERATURE (0EG-F> 

COAL BIT GAS ECONOMIZER 

WORKING FLUID K GAS FEEDWATER HEATER 

RECUPERATOR EFFECTIVENESS D.O L.M.CIRCULATION RATIO 

CCMPRES50R PRESSURE RATIO 1E> L. M.FEEOHEATER 
AIR EQUIVALENCE RATIO 1. 2 ' STAGES OF STEAM REHEAT 




TOTAL FLOW 

TEMPERATURE 

**** STATE POINTS 

IOEOd lbm/hr 

DEG-F 

1 

L.M. TURBINE INLET 

7 . 466 

1600.000 

Z 

L.M. CONDENSER 


1200.000 

3 

L.M. FEED PUMP 

5444.000 GPM 

1200.000 

L 

L.M.RECIRC PUMP 

i-t028. 000 GPH 

1380.000 

£ 

L.M. BOILER INLET 


1380.000 

£ 

STEAM TURBINE THROTTLE 

6 • 755 

1000.000 

7 

steam P£HEAT 


O.GOO 

8 

ST.C0ND.3ACK PRESS. 



9 

final feedwater 


560.000 

1C 

CONO/SG HATER INLET 


560.000 

11 

COMPRESSOR INLET 

10.310 

59.000 

12 

GAS TURBINE INLET 

11.205 

1800.000 

13 

Gas econ.gas inlet. 


0.00 0 

Il- 

GAS FWH gas INLET 


0.000 

ls 

STACK GAS EXHAUST 


844. COO 


It AS RECEIVED COAL 


H98.900T/HR 


EFFICIENCIES 


IbOO.Q L.M. SYSTEM .098 

NO PPESSURIZIMG SUBSYSTEM .267 

NO STEAM CYCLE .420 

2.5 1 GROSS PLANT .3&1 

NO NET Plant .371 

0 NET POWER OUTPUT (MWE» 1169.42 


PRESSURE 

PSIA 

24.700 

4.800 

43.600 

29.330 

3515.000 

0.000 


THERMAL LOAD POWER OUTPUT 
10E09 BTU/HR MME 

190.600 

5.84C 

.460 

.141 

6.593 

718.600 


3.500IN.HG 3.387 



10.75? 



REPROBIIC" OP THE 
ORIGINAL LA- ; ; IS POOR 


CASE NO. 24 


POWER 0UTPUT<MWE) 1200 GAS TURSINE INLET 

FURNACE PR.FL0.3E0 TEMPERATURE COEG-F) 

COAL 3IT GAS ECONOMIZER 

WORKING FLUIO K GAS FEEDWATER HEATER 

RECUPERATOR EFFECTIVENESS 0.0 L. M. CIRCULAT ION RATIO 

COMPRESSOR PRESSURE RATIO 15 L. M.FEEOHEATER 

AIR EQUIVALENCE RATIO 1.2 STASES OF STEAM REHEAT 




total FLOW 

temperature 

STATE POINTS 

10EQ6 LBm/HR 

DEG-F 

1 

L.M. TURSINE INLET 

7,583 

1600 .000 

2 

L.M. CONDENSER 


1300. GOO 

3 

L.M. FEED PUMP 

3508. QOQ GPH 

1300.000 

L 

L.M.RECIRC PUMP 

l-*446.000 GPH 

1480.000 

e 

L.M, BOILER INLET 


1480.000 

e 

STEAM TUR3INE THRUTTLE 

6.757 

1000.000 

7 

steam reheat 


O.COO 

6 

ST.CONO.SACK PRESS- 



9 

FINAL FEEDWATER 


560.000 

10 

COND/SG HATER INLET 


560.000 

11 

COMPRESSOR INLET 

10.285 

59.000 

12 

GAS TURBINE INLET 

11.178 

1800.000 

13 

GAS ECON.GAS INLET, 


0.000 

lA 

GAS FHH GAS INLET 


0.000 

15 

STACK GAS EXHAUST 


344.000 


1€ AS RECEIVED COAL 


497.7Q0T/HR 


* * * ♦ • ♦ EFFICIENCIES * • • ♦ ♦ 


ItOO.G L.M.SYSTEM .100 

NO PRESSURIZING SU3SYSTEH .267 

NO STEAM cycle .420 

2.5 1 GROSS PLANT .381 

NO NET PLANT .372 

a NET POWER OUTPUT (MWE) 1169.27 

PRESSURE thermal LOAD POWER OUTPUT 

PSIA 10ED9 BTU/HR MHE 

36.2G0 193.100 

8.800 5.624 

58.530 .611 

42.590 .138 

6.577 

3515.000 716.700 

0.000 

3.500IN.HG 3.378 



10 .733 



8-131 


CASE NO. 25 


»«««»« EFFICIENCIES ♦ ♦ • • # 


POWER OUTPUI(MW£) 

FURNACE P-.FLO 

12C0 

,3E0 

GAS TURBINE IKLET 
TEMPERATURE (OEG-F) 

1600.0 

L.H. SYSTEM 

.099 

COAL 

SIT 

GAS ECONOMIZER 

NO 

PRESSURIZING SUBSYSTEM 

.267 

WORKING FLUIO 

K 

GA-S FEEDWATER HEATER 

NO 

STEAM CYCLE 

.430 

RECUPERATOR EFFECTIVENESS 

3. 0 

L. M. CIRCULATION RATIO 

2.5 1 

GROSS PLANT 

.366 

COMPRESSOR PRESSURE RATIO 

1 = 

L.M.FEEOHEATER 

NO 

NET PLANT 

.376 

AIR EQUIVALENCE RATIO 

1.2 

STAGES OF STEAM REHEAT 

0 

NET POWER OUTPUT (HWE) 

1169.73 


**** STATE POINTS **** 

TOTAL FLOW 
10E06 LBM/HR 

TEMPERATURE 

OEG-F 

PRESSURE 

PSIA 

THERMAL LOAD 
1GE09 BTU/HR 

POWER OUTPUT 
MWE 

1 

L.M. TURBINE INLET 

7.331 

150 G . 0 0 0 

24.700 


186.000 

2 

L.M.CONOENSER 


1200 .000 

4.SG0 

5.75 6 


3 

L.M. FEED PUMP 

5366.000 GPM 

1200.000 

42.520 


.44 0 

L 

L.M.RECIRC PUMP 

13831.000 GPM 

1380.000 

29.200 


.135 

r 

L.M. BOILER INLET 


1380. QQO 


6.500 


e 

STEAM TURBINE THROTTLE 

6. 140 

1100. GOO 

3515.000 


725,400 

7 

STEAM REHEAT 


0.000 

O.QQO 



£ 

ST.C0ND.3ACK PRESS. 



3.500IN. 

HG 3.282 


9 

final FEEDWATER 


560.000 




10 

CONO/SG HATER INLET 


560.000 




11 

COMPRESSOR INLET 

10.165 

59.000 

14.690 



12 

GAS TURBINE INLET 

11. 047 

1300.000 



286.900 

13 

GAS ECON.GAS INLET, 


0.000 


C.OOQ 


11 

GAS FHH GAS INLET 


0.000 


0.000 


15 

STACK GAS EXHAUST 


841.000 




It 

AS RECEIVED COAl 

491.900T/HR 



10.613 



8-132 


CASE NO. 2c 


POWER OUTPUT (MWE) 13CQ GAS TURBINE INLET 

furnace pr.fll’.beo temperature (OEG-FJ 

COAL --IT GAS ECONOMIZER 

WORKING FLUID < GAS FEEDWATER HEATER 

recuperator effectiveness 0.0 L.M. CIRCULATION RATIO 

COMPRESSOR PRESSURE RATIO IB L. M.FEEQHEATER 

AIR equivalence RATIO 1.2 STAGES OF STEAM REHEAT 




TOTAL FLOW 

TEMPERATURE 

♦*** STATE POINTS 

lOEJfB LBM/HR 

OEG-F 

1 

L.M. TURBINE INLET 

7 . 3-+3 

1600.000 

2 

L.M. CONDENSER 


1300.000 

3 

L.M. FEED PUMP 

5431.000 GPM 

1300.000 

4 

L.M.RECIfiC PUMP 

13988. 000 GPM 

1480.000 

£ 

L.M. boiler inlet 


IhSO.OOO 

e 

STEAM TURBINE THROTTLE 

5. 607 

1200. 000 

7 

STEAM REHEAT 


O.GOO 

£ 

ST.C0ND.3ACK PRESS. 



9 

FINAL FEEDWATER 


560 .000 

10 

COND/SG WATER INLET 


560,000 

11 

COMPRESSOR INLET 

9.959 

59.000 

12 

GAS TURBINE INLET 

10.823 

1300. 000 

13 

GAS ECON.GAS INLET. 


0.000 

14 

GAS FWH GAS INLET 


0.000 

IE 

STACK GAS EXHAUST 


844 .000 


It AS RECEIVED COAL 


A61. 900T/HR 


EFFICIENCIES 


IfcOC.O L.M. SYSTEM .100 

NO pressurizing subsystem .267 

NO STEAM CYCLE .L43 

2.5 1 GROSS PLANT .394 

NO NET PLANT ,364 

0 NET POWER OUTPUT «MHE» 1169.34 

PRESSURE THERMAL LOAD POWER OUTPUT 
PSIA 10E09 BTU/HR MWE 

38.200 187.000 

8.800 5.640 

55.770 .555 

H2..320 .125 

6.369 

3515.000 732.000 

0.000 

3.500IN.HG 3,141 


14.630 


0.000 


261.000 


0.000 


10.397 



8-133 


CASE NO. 27 


POWER OUTPUT(MHE) 1200 
FURNACE PR.FL0.3E0 
GCAL DIT 
WORKING fluid K 
RECUPERATOR EFFECTIVENESS 0.0 
CCMPRESSOR PRESSURE RATIO 15 
AIR EQUIVALENCE RATIO 1.2 


*♦** STATE POINTS 

1 L.M. TURBINE INLET 

2 L.M.CONDENSER 

3 L.H.FEED PUMP 

L L.M.RECIRC PUMP 
E L.M. BOILER INLET 
e steam TURBINE THROTTLE 
7 STEAM REHEAT 
e ST.COND.BACK PRESS, 
e FINAL FEEDWATER 

10 COND/SG WATER INLET 

11 COMPRESSOR inlet 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLETt 
11 GAS FWH GAS INLET 
IE STACK GAS EXHAUST 


GAS Turbine inlet 
TEMPERATURE (OEG-F) 
GAS ECONOMIZER 

GAS Feedwater heater 
l.m.circulaticn ratio 
L, h.feedheater 
STAGES OF steam REHEAT 

TOTAL FLOW TEMPERATURE 

10EG6 LBM/HR QEG-F 

7.227 IhOO.OOO 

1100.000 

;i66.00Q GPM 1100.000 

13290<000 GPM 1260.000 

1280.000 
5.269 lOQQ.OOQ 

1000.000 

360.000 

560.000 

10.104 59.000 

10.981 1800.000 

0.000 
0.000 

844.000 


It AS RECEIVED COAL 


486.900T/HR 


EFFICIENCIES ♦ • • • 


ItOO.O L.M. SYSTEM ,097 

NO PRESSURIZING SUBSYSTEM .267 

NO STEAM CYCLE .435 

Z.5 1 GROSS PLANT .388 

NO net plant ,378 

I NET POWER OUTPUT <MWE> 1169.41 


PRESSURE 

PSIA 

15 . 20 0 

2.400 

32.660 

20.390 

3515.000 

600.000 


THERMAL LOAD POWER OUTPUT 
10E09 BTU/HR HHE 

164.080 

5 .7 33 

.340 

.163 

6.461 

730.700 


3.530IN.HG 3.239 



10.549 



CASE NO. 28 


PCHER OUTPUT(MHE) 12C0 GAS TURBINE INLET 

FURNACE PR.FLD.3ED TEMPERATURE tOEG-F) 

coal 3IT GAS ECONOMIZER 

WORKING FLUID K GAS FEEOHATE F HEATER 

RECUPERATOR EFFECTIVENESS 0.0 L. M. CIRCULATION RATIO 

COMPRESSOR PRESSURE RATIO 15 L. M.FEEOHEATER 

AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 


TOTAL flow TEMPERATURE 
STATE points **** 10E06 LBM/HR OEG-F 

1 L.M. TURBINE INLET 7.194 1500.000 

2 L.M. CONDENSER 1200.000 

3 L.M. FEED PUMP 5236.000 GPM 1200.000 

L L.M.RECIRC PUMP 13492.000 GPM 1300.000 


o, £ L.M. BOILER INLET 1380.000 

I 

^ e steam turbine throttle 4.BD7 1100.000 

7 steam reheat 1100.000 


6 ST.C0ND.3ACK press. 



o Hi 

K 


9 FINAL feedwater 

10 CONO/SG hater INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 Gas econ.gas inlet, 

14 GAS FHH GAS INLET 
1£ STACK GAS EXHAUST 
16 AS RECEIVED COAL 




560, 

.GOO 



560. 

.000 

9. 

907 

59. 

.000 

10. 

767 

1800. 

.000 



0. 

. 000 



0, 

.000 



844 , 

.000 


479.400T/HR 


,****♦ EFFICIENCIES * * * * * 


lEOC.G L.M. SYSTEM .098 

NO PRESSURIZING SUBSYSTEM .267 

NO STEAM CYCLE .449 

2.£ 1 GROSS PLANT .396 

NO NET PLANT .386 

1 NET POWER OUTPUT(MWEJ 1169.48 


PRESSURE 

PSIA 

24.700 

4.80 0 

40.630 

28.980 

3515. 000 
600.000 


THERMAL LOAD POWER OUTPUT 
10E09 BTU/HR MNE 

163.000 

5. 612 

.408 

.125 

6.336 

737.400 


3.5G0IN.HG 3.095 


14.690 


O.OOQ 


279.600 


O.QOp 


10.343 



8-135 


CASE NO. 29 


POWER OUTPUT(MWE) 1200 GAS TUR3INE INLET 

FURNACE PR.FLD.3E0 TEMPERATURE (OEG-F) 

COAL 3IT GAS ECONOMIZER 

WORKING FLUID K GAS FEEOWATER HEATER 

RECUPERATOR EFFECTIVENESS 0.0 L . M.CIRCULAT ION RATIO 

COMPRESSOR PRESSURE RATIO 15 L. M.FEEOHEATER 

AIR EQUIVALENCE PATIO 1.2 STAGES OF STEAM REHEAT 




TOTAL FLOW 

TEMPERATURE 

♦*»* STATE POINTS 

10EQ6 LBM/HR 

OEG-f 

1 

L.M. TURBINE INLET • 

7.155 

1600.000 

2 

L.M. CONDENSER 


1300.000 

3 

L.M. FEED PUMP 

5292.000 GPM 

1300.000 

4 

L.M.RECIRC PUMP 

13631.000 GPM 

ImSO.OOO 

c 

L.M. BOILER inlet 


1480.000 

e 

STEAM TURBINE THROTTLE 

4.430 

1200.000 

7 

STEAM REHEAT 


1200.000 

e 

ST.C0N0.3ACK PRESS. 



9 

final FEEDWATER 


560.000 

10 

CONO/SG WATER INLET 


560.000 

11 

COMPRESSOR INLET 

9.705 

59.000 

12 

GAS TURBINE INLET 

10. 5-^7 

1800.000 

13 

gas EGON. GAS INLET, 


0.000 

lA 

GAS FWH gas inlet 


0.000 

15 

stack GAS EXHAUST 


641^.000 


Ifc AS RECEIVED COAL 


■♦eg.eooT/HR 


EFFICIENCIES * * • • * 


leOD.O L.M. SYSTEM .ICO 

NO PRESSURIZING SUBSYSTEM .267 

NO STEAM CYCLE .4o2 

2.5 1 GROSS PLANT .404 

NO NET plant .394 

1 NET POWER OUTPUT (HHE) 1169.39 

PRESSURE thermal LOAD POWER OUTPUT 

PSIA 10E09 8TU/HR MME 

3S.2Q0 182.200 

6.S00 s.^g. 

53. LOG .514 

42.110 .116 

6.206 

3515.000 743.900 

600.000 

3.500IN.HG 2.95o 



10.132 



8-136 


CASE NO. 30 


POWER OUTPUT (MWE) 1200 
FURNACE PR. FLO. BED 
COAL BIT 
WORKING FLUID K 
RECUPERATOR EFFECTIVENESS 0.0 
COMPRESSOR PRESSURE RATIO 15 
AIR EQUIVALENCE RATIO 1.2 


STATE POINTS 

1 L.H. TURBINE INLET 

2 L.M. CONDENSER 

3 L.M.FEED PUMP 

L L.M.RECIRC PUMP 

5 L.M. BOILER INLET 

6 STEAM TURBINE THROTTLE 

7 STEAM REHEAT 

6 ST.CON0.8ACK PRESS. 

9 FINAL FEEOWATER 

10 COND/SG MATER INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 GAS EGON. GAS INLET? 

IV GAS FMH GAS INLET 

15 STACK GAS EXHAUST 

16 AS RECEIVED COAL 


GAS TURBINE INLET 
TEMPERATURE (DEG-F> 
GAS ECONOMIZER 
GAS FEEDWATER HEATER 
L.H. CIRCULATION RATIO 
L.M.FEEDHEATEfi 
STAGES OF steam REHEAT 

TOTAL flow TEMPERATURE 

10E06 LBM/HR DEG-F 

7.H90 IhOO.OOO 

1100.000 

535V. ODO GPM 1100.000 

13773.000 GPM 1280ea00 

1260.000 

6.336 1000.000 

0.000 

530.000 

530.000 

10.V71 59.000 

11.360 1600.000 

0.000 
0.000 
6VV.000 

506.700T/HR 


»»»«»» EFFICIENCIES * * * * * 


IbQO.O L.H. SYSTEM .097 

■ NO PRESSURIZING SUBSYSTEM .290 

NO STEAK CYCLE .VIO 

2.5 1 GROSS PLANT .37V 

NO NET PLANT .365 

0 NET POWER OUTPUT (MMEI 1169. V5 

PRESSURE THERMAL LOAD POWER OUTPUT 

PSIA 10E09 BTU/HR MWE 

15.200 190.700 

2.V00 5.9V2 

3V.910 .379 

20.770 .181 

6.696 

2V15.000 713.800 

0.000 

3.500IN.HG 3.506 



10.933 



8-137 


POWER OUTPUT (1HE) 1200 
FURNACE P^s.FLC.BED 
COAL BIT 
WORKING FLUIO K 
RECUPERATOR EFFECTIVENESS 0.0 
COMPRESSOR PRESSURE RATIO 15 
AIR EQUIVALENCE RATIO 1.2 

Case no. 3i 

GAS TURBINE INLET 
TEMPERATURE lOEG-F) 
GAS ECONOMIZER 
GAS FEEDWATER HEATER 
L.M. CIRCULATION RATIO 
L. M.FEEDHEAT fR 
STAGES OF STEAM REHEAT 

EFFICIENCIES 

1600.0 L.M. system 

NO PRESSURIZING SUBSYSTEM 

NO STEAM CYCLE 

2.5 1 GROSS PLANT 

NO NET PLANT 

0 NET POWER OUTPUT (HWE» 

♦ ♦ • • < 

.098 

.267 

.420 

.380 

.371 

1169.60 

STATE points **** 

TOTAL FLOW 
10E36 LBM/HR 

TEMPERATURE 

OEG-F 

PRESSURE thermal LOAD POWER OUTPUT 

PSIA 10E09 BTU/HR MWE 

1 L.M. TURBINE INLET 


7,466 

1500.000 

24.700 

190.600 

2 L.M. CONDENSER 



1200.000 

4.800 5.81.0 


3 L.M.FEEC PUMP 


5444.000 GPM 

1200.000 

43.600 

.460 

A L.M.RECIRC PUMP 


1-+Q28.D00 GPM 

1380.000 

29.330 

.141 

£ L.M. BOILER INLET 



1380.000 

6.594 


£ STEAM TURBINE THROTTLE 


5. 824 

1100.000 

2415.000 

718.600 

7 STEAM REHEAT 



0.000 

0.000 


e ST.C0ND.3ACK PRESS. 




3.5D0IN.HG 3.387 


9 final feedwater 



530.000 



to CONO/SG water INLET 



530.000 



11 COMPRESSOR INLET 


10.311 

59.000 

14.690 


12 GAS TURBINE INLET 


11.206 

1600.000 


290.990 

13 GAS ECON.GAS INLET, 



0.000 

0.000 


IL GAS FWH GAS INLET 



O.OQO 

0.000 


IE STACK GAS EXHAUST 



’ e-44.000 



1£ AS RECEIVED COAL 


<*9«.900T/ HR 


10.76i» 




8-138 


PCMER OUTPUT (MWE) 

FURNACE P-<.FLD 

CCAL 

wcrking fluid 

RECUPERATOR EFFECTIVENESS 
CCNPRESSOR PRESSURE RATIO 
AIR EQUIVALENCE RATIO 

12 GO 
.BED 
BIT 
K 

0.0 

15 

1.2 

CASE NO. 32 

GAS TURBINE INLET 
TEMPERATURE (OEG-F) 
GAS ECONOMIZER 
GAS FEEDWATER HEATER 
L.M. CIRCULATION RATIO 

l.m.feedheater 

STAGES OF steam REHEAT 

efficiencies 

160G-.0 L.M. SYSTEM 

NO PRESSURIZING SUBSYSTEM 

NO STEAM CYCLE 

2.5 1 GROSS PLANT 

NO NET PLANT 

0 NET POWER OUTPUT (HWE) 

9 * * * i 

.100 

.267 

.430 

.387 

.377 

1169.40 

•***■* STATE POINTS ♦*** 

TOTAL FLOW 
1QEQ6 L8M/HR 

TEMPERATURE 

DEG-F 

PRESSURE THERMAL LOAD POWER OUTPUT 

PSIA 10E09 BTU/HR MWE 

1 L.M. TURBINE INLET 


7.476 

1600. ODD 

36.200 

190.400 

2 L.M. CONDENSER 



1300.000 

6.600 5.740 


3 L.M. FEED PUMP 

GPli 

1300.000 

37.490 

.586 

L.M.RECIRC PUMP 

1^ 

242.000 GPM 

1480.000 

42.470 

.132 

E L.M. BOILER INLET 



1480.000 

6.485 


e STEAM TURBINE THROTTLE 


5.369 

1200.000 

2415.000 

723.500 

7 STEAM REHEAT 



0.000 

0.000 


e ST.CONO.BACK PRESS. 




3.<^00IN.HG 3.273 


s final feedwater 



530.000 



1C CONO/SG WATER INLET 



530.000 



11 COMPRESSOR INLET 


10. 141 

59.000 

14.690 


12 GAS TURBINE INLET 


11.021 

1800.000 


266.200 

13 GAS ECON.GAS INLET, 



0.000 

. 0.000 


11 GAS FWH GAS INLET 



0.000 

0.0 00 


If STACK GAS EXHAUST 



844.000 



If AS RECEIVED COAL 


490.700T/HR 


10.567 
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CASE NC. 33 


♦ ♦ , * * » EFFICIENCIES * * * * * 


POWER OUTPUKHHE) ■ 1230 
FURNACE P°.FLC.3ED 
Coal 3IT 
WORKING FLUID K 
RECUPERATOR EFFECTIVENESS -3. 3 
CCHPRESSOR PRESSURE R^TIO 1= 
AIR EQUIVALENCE RATIO 1-2 


GAS TURBINE INLET 

TEMPERATURE (OEG-F> 1600. Q 
GAS ECONOMIZER NO 
GAS FEEOHATEF HEATER NO 
L.M. CIRCULATION RATIO 2.5 i 
L. M.FEEDHEATER NO 
STAGES OF steam REHEAT 1 


L.M. SYSTEM .097 

PRESSURIZING SUBSYSTEM .267 

steam cycle .«*26 

GROSS PLANT .383 

NET PLANT .374 

NET POWER OUTPUT(MWE» 1169.49 



TOTAL FLOW 

TEMPERATURE 

PRESSURE thermal LOAD 

POWER OUTPUT 

STATE POINTS **** 

10E3o LBM/HR 

DEG-F 

PSIA 10E09 BTU/HR 

HHE- 

1 L.M. TURBINE INLET 

7.320 

1-00. QQO 

15.200 

166.400 

2 L.M.C0N0EN5EF 


1100 . COO 

2.400 5.807 


3 L.M. FEED PUMP 

5233.000 6PM 

1100.000 

33. -50 

.354 

4 L.H.RECIRC PUMP 

13460.000 GPM 

1280. COO 

20.520 

.169 

E L.M. BOILER INLET 


1280.000 

5.544 


e STEAM TURBINE THROTTLE 

5.238 

1000. QOQ 

2415.000 

724.800 

7 STEAM REHEAT 


1000.000 

600. DQO 


6 ST.C0ND.3ACK PRESS. 



3.5Q0IN.HG 3.333 


9 final FEEDWATER 


530.000 



10 CONO/SG WATER INLET 


530. GOO 



11 COMPRESSOR INLET 

10.234 

59.000 

14.690 


12 GAS TURBINE INLET 

11.122 

1800.000 


288.600 

13 gas econ.gas inlet. 


0.000 

O.OQQ 


IL GAS FHH gas inlet 


0.000 

0.000 


ll STACK GAS EXHAUST 


« 0 0 Q 



le AS received COAL 

495.200T/HR 


10.684 
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CASE NO. 34 


4 » « « » » EFFICIENCIES 


POWER OUTPUT (iWE) 

FURNACE . P<.FLC 

COAL 

Working fluid 
RECUPERATOR EFFECTIVENESS 

compressor pressure Ratio 

AIR EQUIVALENCE RATIO 

120 0 
.BED 
BIT 
K 

a.o 

1= 

1.2 

GAS TURBINE INLET 
TEMPEpcATURE (DEG-F) 
GAS ECONOMIZER 
GAS FEEDWATER HEATER 
L.M. CIRCULATION RATIO 
L.h.FEEDHEAT ER 
STAGES OF steam REHEAT 

1600.0 L.M. SYSTEM 

NO PRESSURIZING SUBSYSTEM 

NO steam cycle 

. 2.5 1 GROSS PLANT 

NO NET PLANT 

1 NET POWER OUTPUT CMWE) 

.098 

.267 

.436 

.389 

.380 

1169.75 

STATE POINTS 

TOTAL FLOW 
10EG6 LBM/HR 

TEMPERATURE 

DEG-F 

pressure thermal load 

PSIA 10E09 BTU/HR 

POWER OUTPUT 
HWE 

1 L.M. TURBINE INLET 


7.316 

1500.000 

24,700 


186.330 

E L.M. CONDENSER 



1200.000 

4.800 5.707 



3 L.M. FEED PUMP 


3320.000 GPM 

1200 .000 

41.860 


.429 

1 L.M.RECIRC PUMP 


13709.000 GPM 

1380 .000 

29.120 


.131 

5 L.M. BOILER INLET 



1380.000 

0.444 



e STEAM TURBINE THROTTLE 


4.6‘tO 

110 Q. 000 

24*15.00 0 


729.600 

7 steam reheat 



1100.000 

600.000 



6 ST.COnD.BACK PRESS. ^ 




3.500IN.HG 3.219 



9 FINAL FEEDWATER 



53G.OOO 




10 COND/SG WATER INLET 



530.000 




11 COMPRESSOR INLET 


10.076 

59.000 

14.690 



12 GAS TURBINE INLET 


10.950 

1800.000 



284.400 

13 GAS ECON.GAS INLET, 



0.000 ’ 

0.000 



14 GAS FWH GAS INLET 



0.00’y 

0.000 



15 STACK GAS EXHAUST 



84u .000 




1C AS received coal . 


487.500T/HR 


10.518 





TVT-8 




CASE NO. 35 


« » * » * EFFICIENCIES 

♦ • ♦ » j 

POWER OUTPUT(^WE) 

120 0 

GAS TURBINE INLET 




FURNACE PR. FLO 

.3E9 

TEMPERATURE (OEG-F) 

1600.0 

L.M. SYSTEM 

. 100 

COAL 

3IT 

GAS economizer 

NO 

PRESSURIZING SUBSYSTEM 

.2c7 

WORKING FLUID 

K 

GAS FEEOHATER HEATER 

NO 

STEAM CYCLE 

.«*52 

RECUPERATOR EFFECTIVENESS 

0. C 

L. M. circulation ratio 

2.E 1 

GROSS plant 

.399 

COMPRESSOR PRESSURE RATIO 

15 

L.M.FEEDHEATER 

NO 

NET PLANT 

.369 

AIR EQUIVALENCE RATIO 

1.2 

STAGES OF STEAM REHEAT 

1 

NET POWER OUTPUT (MHE» 

1169.36 


**** STATE POINTS ♦*** 

total flow 

10E06 LBM/HR 

TEMPERATURE 

OEG-F 

PRESSURE THERMAL LOAD 

P5IA 10E09 BTU/HR 

POWER OUTPUT 
MHE 

1 

L.M. TURBINE INLET 

7.253 

IbOO.OOQ 

36.200 

184.700 

2 

L.M. CONDENSER 


1300.000 

8.300 5.570 


3 

L.M. FEED PUMP 

5365.000 GPM 

1300.000 

54 . 630 

.535 

u 

L.M.RECIRC PUMP 

13617.000 GPM 

1U60.000 

32.220 

.121 

c 

L.M. BOILER INLET 


i>.8a.ooo 

6.291 


e 

STEAM TURBINE THROTTLE 

4.466 

1200.000 

2415.000 

737.700 

7 

STEAM REHEAT 


1200.000 

6QO.OOO 


e 

ST.COND.EACK PRESS. 



3.500IN.HG 3.052 


9 

FINAL FEEDWATER 


530.000 



10 

CONO/SG WATER INLET 


530.000 



11 

COMPRESSOR INLET 

9.837 

59.000 

14.690 


12 

GAS TURBINE INLET 

10.691 

1300.000 


277.600 

13 

GAS ECON.GAS INLET, 


0.000 

0.000 


lA 

Gas fwh gas inlet 


0.000 

0.000 


If 

STACK GAS EXHAUST 


344.000 



le 

AS RECEIVED COAL 

476.000T/HR 


10.270 




RE3?R0DUC''::n?:!iY OF 
ORIGiNAL iS PO 


CASE NO* 3b 


« « EFFICIENCIES • • • * ♦ 


PCWER OUTPUT( -IHE) 

FURNACE Ff.PLC: 

COAL 

WORKING FLUID 
RECUPERATOR EFFECTIVENESS 
COMPRESSOR PRESSURE R-TiO 
AIR EUUIVALENCE RATIO 

**** STATE POINTS **** 

1 L.M. TURBINE INLET 
Z L.M. CONDENSER 
3 L.H.FEEO PUMP 
L.M.RECIRC PUMP 
5 L.M. BOILER INLET 

09 

t 

K £ STEAM TURBINE THROTTLE 
7 STEAM reheat 
t ST.COND.BACK PRESS. 

S FINAL FEEOHATER 

10 CONO/SG HATER INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 
lA GAS FHH GAS INLET 
It STACK GAS exhaust 
I fc AS RECEIVED COAL 


12G0 

.BED 

GAS TURBINE INLET 
TEMPERATURE (OEG-F) 

IfcOO.O 

L.H. system 

. 097 

BIT 

GAS economizer 

NO 

pressurizing subsystem 

.267 

K 

GAS FEEDWATER HEATER 

NO 

STEAM CYCLE 

.421 

Q.C 

L.M. CIRCULATION RATIO 

Z.5 1 

GROSS PLANT 

.360 

15 

L.H.FEEDHEATER 

NO 

NET plant 

.371 

1 . 2 

STAGES OF steam REHEAT 

j 

NET POWER OUTPUT(MHE) 

1169,39 


TOTAL FLOW 
10EQ& L3M/HR 

TEMPERATURE 

DEG-F 

PRESSUPE THERMAL LOAD 

PSIA 10E09 BTU/HR 

POWER OUTPUT 
MHE 

7.371 

1400 . COO 

15.200 

167.700 


1100 .000 

2.400 5.647 


5269.000 GPM 

IIQQ.GOO 

33.8B0 

.361 

13564.000 GPM 

1280.000 

20.600 

.173 


1280.000 

6.591 


6. 237 

1000. COO 

2415.000 

721.300 


0.000 

O.OQO 




2.0Q0IN.HG 3.385 



530.000 




630.000 



10.306 

59.000 

14.690 


11.201 

1800.000 


290.900 


0.000 

O.OQO 



O.OOQ 

O.OOQ 



34t..OOQ 


498.70QT/HR 


10.760 


8-143 


CASE NO. 37 


POWER OUTPUT(MWE) 1200 GAS TURBINE INLET 

FURNACE PR.FLD.3ED TEMPERATURE (OEG-F) 

COAL 3IT GAS ECONOMIZER 

WORKING FLUID K GAS FEEDWATER HEATER 

RECUPERATOR EFFECTIVENESS 0.0 L. H. CIRCULATION RATIO 

COMPRESSOR PRESSURE RATIO 15 L.M .FEEDHE'ATER 

AIR EQUIVALENCE RATIO 1.2 STAGEo O'" STEAM REHEAT 




TOTAL FLOW 

TEMPERATURE 

STATE POINTS 

10E06 LBM7HR 

OEG-F 

1 

L.M. TURBINE INLET 

7.790 

1«00.C00 

2 

L.M. CONDENSER 


IlOO .000 

3 

L.M. FEED PUMP 

5569.000 GPM 

1100.000 

4 

L.M.RECIFC PUMP 

14325.000 GPM 

1280.000 

c 

L.M. BOILER INLET 


1280.000 

b 

STEAM TURBINE THROTTLE 

6.591 

1000 .000 

7 

STEAM REHEAT 


0 .000 

e 

ST.COND.BACK PRESS. 



9 

final FEEDWATER 


530.000 

10 

COND/SG HATER INLET 


530. 000 

11 

COMPRESSOR INLET 

10.692 

59.000 

12 

GAS TURBINE INLET 

11. 837 

laOQ.OOO 

13 

GAS ECON.GAS INLET, 


0.000 

14 

GAS FHH GAS INLET 


0.00 0 

15 

STACK GAS EXHAUST 


844.000 


le AS RECEIVED COAl 


527. OOOT/HR 


efficiencies • ♦ ♦ • ♦ 


leoo.o L.M. SYSTEM .057 

NO PRESSURIZING SUBSYSTEM .267 

NO STEAM CYCLE .383 

2.5 1 GROSS PLANT .360 

NO NET PLANT .351 

a NET POWER OUTPUT (MWE) 1168.70 


PRESSURE 

PSIA 

15.200 

2. LOO 

37.5fi0 

21.230 

2415.000 


THERMAL LOAD POWER OUTPUT 
lOEOB 3TU/HR MWE 

198.400 

G.lbO 

.426 

.204 

6.ges 

693.500 


0.000 


9.000IN.HG 3.813 



11.370 



8-144 


CASE NO. 38 


POKER OUTPUKNHE) 12GQ GAS TURSINE INLET 

FURNACE PR.FLD.3E0 TEMPERATURE (OEG-FJ 

COAL dIT gas economizer 

WORKING FLUID < GAS FEEDWATER HEATER 

RECUPERATOR EFFECTIVENESS 0.0 L. M.CIRCULAT ICN RATIO 

COMPRESSOR PRESSURE RATIO 15 L. M.FEEOHEATER 

AIR equivalence RATIO 1.2 STAGES OF STEAM REHEAT 



state POINTS 

1 L.M. TURBINE INLET 

2 L.M. CONDENSER 

3 L.M. FEED PUMP 

t L.H.RECIRC PUMP 
f L.M. BOILER INLET 
t STEAM TURBINE THROTTLE 
7 STEAM REHEAT 
e ST.C0ND.3ACK PRESS. 

9 FINAL FEEDWATER 

10 CONO/SG WATER INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 gas econ.gas inlet, 

14 GAS FWH GAS INLET 
It STACK GAS exhaust 
le AS RECEIVED COAL 


total FLOW TEMPERATURE 

10E06 LBM/HR DEG-F 

7. 258 lAOO.OOO 

1100.000 

3188. OCO GPH 1100.003 

13346.000 GPH 1280.000 

1260.000 
6.660 lOQQ.OOQ 

0.000 

560.000 

560.000 

10.147 59.000 

11.026 1800.000 

0.000 
0.000 

844.000 

491, OOOT/HR 



; W i 



10.594 



8-145 


CASE NO. 39 


PCHER OUTPUT(MHE) 1200 
FURNACE PR.FLC.3E0 
COAL 3IT 
WORKING FLUID < 
RECUPERATOR EFFECTIVENESS 3,0 
CCHPRESSOk pressure ratio 15 
AIR EQUIVALENCE RATIO 1.2 


STATE POINTS **** 

1 L.M. TURBINE INLET 

2 L.M. CONDENSER 

3 L.M. FEED PUMP 

4 L.M.RECIRC PUMP 

5 L.M. BOILER INLET 

E STEAM TURBINE THROTTLE 
7 STEAM REHEAT 

6 ST.C0ND.3ACK PRESS. 

9 final FEEDWATER 

10 COND/SG HATER INLET 

11 COMPRESSOR INLET 

12 GAS TURBINE INLET 

13 gas ECON.GAS INLET, 

14 GAS FHH gas INLET 

15 STACK GAS EXHAUST 
It AS RECEIVED COAL 


GAS TUR3INE INLET 
TEMPERATURE (OEG-F) 
GAS ECONOMIZER 
GAS FEEDWATER HEATER 
L.M. CIRCULATION RATIO 
L.M.FEEOHEATER 
STAGES OF STEAM REHEAT 

TOTAL FLOW TEMPERATURE 

10E06 LBM/HR .OEG-F 

7.891 1400. 000 

1100.000 

5496.000 GPM 1100.000 

14143.000 GPH 1260.000 

1280.000 

7.057 1000.000 

0.000 

560 .000 

560.000 

10,752 59,000 

11.685 1600.000 

0.000 

Q.OOO 

644.000 

520.300T/HR 


EFFICIENCIES * • • ♦ • 


1600.0 L.M.SrSTEM 

NO PRESSURIZING SUBSYSTEM 
NO STEAM CYCLE 

2.5 I GROSS Plant 

NO NET PLANT 

0 NET POWER OUTPUT (MWEI 


PRESSURE THERMAL LOAD POWER OUtPUT 


PSIA 10E09 BTU/HR HWE 

15.200 195.600 

2.400 e.ioi 

36.680 .410 

21.090 .196 

6.876 

3515.000 700.700 

0.000 

9.000IN.HG 3.7C9 


.097 

.267 

.392 

.365 

.356 

1169,41 



11.226 
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CASE NO. 40 


POWER OUTPUT(MHE) ^00 
FURNACE PR,FLC.‘3ED 
COAL BIT 
WORKING FLUID K 
RECUPERATOR EFFECTIVENESS 0.3 
COMPRESSOR PRESSURE RATIO 15 
AIR EQUIVALENCE RATIO 1.2 


STATE POINTS ♦*** 

1 L.M. TURBINE INLET 

2 L.M.CONDENSEF 

3 L.M. FEED PUM? 

4 L.M.RECISC PUMP 

E L.M. BOILER INLET 
e steam TURBINE THROTTLE 
7 STEAM REHEAT 
e ST.C0N0.3ACK PRESS. 

5 FINAL FEEDWATER 

10 COND/SG HATER INLET 

11 COMPRESS INLET 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 

14 GAS FHH GAS INLET 
IE STACK GAS EXHAUST 
le AS RECEIVED COAL 


GAS TURBINE INLET 
TEMPERATURE <DEG-F) 
GAS ECONOMIZER 
GAS feedwater HEATER 
L.M. circulation RATIO 

l.m.feeoheater 
stages of steam reheat 

total flow temperature 

10E06 lbm/hr deg-f 

3.441 140Q.Q00 

1100.000 

4920.000 GPM 1100. QOO 

12657.000 GPM 1280.000 

1280.000 
2.685 iOOO.QOO 

1000.000 

492.000 

492.000 
4.250 59.000 

4.632 1600.000 

0.000 

852.000 

290.000 

21Z.750T/HR 


EFFICIENCIES * ♦ • * * 


ItOO.O L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM .256 

YES STEAM CYCLE .433 

2.5 1 GROSS Plant .446 

NO NET PLANT .435 

1 NET POWER OUTPUT (MHE) 584.80 

PRESSURE THERMAL LOAD POWER OUTPUT 
PSIA 10E09 BTU/HR MHE 

15.200 67.630 

2.400 2.730 

29.650 .147 

19.910 .070 

3.077 

3515.000 413.330 

600.000 

3.500IN.H6 1.347 



4.590 





CASE NO, A1 



13 GAS ECON.GAS INLET, 
it GAS FWH GAS INLET 
It STACK GAS EXHAUST 
It AS RECEIi/EJ COAL 


0.000 

052.000 

290.000 

319. 130T/HR 


efficiencies • ♦ • ♦ ♦ 


leOQ.O L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM ,256 

YES STEAM CYCLE ,A33 

2.5 1 GROSS plant .446 

NO NET PLANT .435 

1 NET POWER OUTPUT (MHE) 677.21 

PRESSURE THERMAL LOAD POWER OUTPUT 

PSIA 10E09 3TU/HR MHE 

15.200 131.450 

2.400 4.095 

29.850 .220 

19.910 .105 

4.615 

3515.000 620.000 

600.000 

3.5Q0IN.HG 2.771 


14.690 


0.000 


146.580 


.792 


6.8 85 



REPEODUO'' "' Y OF THE 


CASE NC, 1,2 


PCMER OUTPUT(MMt) l-.QO GAS TURBINE INLET 

FURNACE P<i.FL:.5E0 TEMPERATURE (OEG-F) 

COAL SIT GAS ECONOMIZER 

HCRKING FuUIO K GAS FEEDWATER HEATER 

RECUPERATOR EFFECTIVENESS 3.0 L. M.CIRCULAT ION RATIO 

COMPRESSOR PRESSURE RATIO Is L. M.FEE DHEATER 

AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAm REHEAT 




total flow 

TEMPERATURE 

STATE POINTS **** 

1CE3S LBM/HR 

QEG-F 

1 

L.M. TURBINE INLET 

8.6Q4 

li.00.OQQ 

2 

L.M. CONDENSER 


1100.000 

3 

L.M. FEED PUMP 

-*920.000 GPM 

1100.000 

4 

L.M.RECIfiC PUMP 

126E7.000 GPM 

1280.000 

E 

L.H. BOILER INLET 


1280. GOO 

e 

STEAM TURBINE THROTTLE 

6.711 

1000.000 

7 

steam reheat 


1000.000 

6 

ST.COND.BACK PRESS. 



c 

FINAL FEEDWATER 


492.000 

1C 

COND/SG WATER INLET 


^92.000 

11 

COMPRESSOR INLET 

10.625 

59.000 

12 

GAS turbine INLET 

11.579 

1600,000 

13 

GAS ECON.GAS INLET* 


O.OGO 

It 

GAS FHH GAS INLET 


852.000 

l'^ 

STACK GAS EXHAUST 


290.000 


16 AS RECEIVED COAL 


531.860T/HR 


• efficiencies ♦ » • ♦ • 


1630.0 L.M.SVSTEM 

NO PRESSURIZING SUBSYSTEM 

VE5 STEAM CYCLE 

2.5 1 GROSS PLANT 

NO NET PLANT 

1 NET POWER OUTPUT (MMEI 

.097 

.256 

.433 

.446 

.435 

1462.01 

PRESSURE THERMAL LOAD 

PSIA 10E09 BTU/HR 

POWER OUTPUT 
MHE 

15.200 



219.090 

2.AQQ 

6.82: 



29.850 



.‘357 

19.910 

7.692 


.176 

3515.000 



1033.330 

600.000 




3.5Q0IN.HG 

4.615 





11.475 



8-149 


PCHER OUTPUT (MWE) 

FURNACE P = .FU- 

COAL 

HCRKING FLUID 
RECUPERATOR EFFECTIVENESS 
COMPRESSOR PRESSURE RATIO 
AIR EQUIVALENCE RATIO 

**** STATE POINTS 

1 L.M.TURBINE INLET 

2 L.M. condenser 

3 l.m.feed pump 

A l.m.recirc pump 

5 L.M. BOILER INLET 

t STEAM TURBINE THROTTLE 
7 steam reheat 

6 ST.C0N0.8ACK PRESS. 

s final feedwater 

10 COND/SG WATER INLET 

11 COMPRESSOR inlet 

12 GAS TURBINE INLET 

13 GAS ECON.GAS INLET, 

14 GAS FHH GAS INLET 

15 STACK GAS EXHAUST 


CASE NO. 43 


too 

GAS TURBINE INLET 


NACE 

TEMPERATURE (OEG-F) 

1600.0 

SIT 

GAS ECONOMIZER 

NO 

K 

GAS FEEDWATER HEATER 

YES 

a. D 

L.H.CIRCULATICN RATIO 

2.5 1 

15 

L.M.FEEDHEAT ER 

NO 

1.2 

STAGES OF STEAM REHEAT 

1 


EFFICIENCIES ♦ • ♦ • * 


L.M. system 

.097 

PRESSURIZING SUBSYSTEM 

.262 

steam cycle 

.433 

GROSS PLANT 

.416 

NET PLANT 

.406 

NET POWER OUTPUT {MHE> 

584.61 


total flow 

1QE3& LBH/HR 

TEMPERATURE 

OEG-F 

PRESSURE 

PSIA 

THERMAL LOAD 
10E09 BTU/HR 

POWER OUTPUT 
MKE 

3.364 

1400.000 

15.200 


86.160 


1100.000 

2.400 

2.664 


*337.000 GPM 

1100.000 

28.930 


.140 

12444.000 GPM 

1280.000 

19.750 


.067 


1280.000 


3.025 


2.666 

1000.000 

3615.000 


410.400 


1000.000 

600.000 




3.500IN.HG 1.834 



492.000 


492.000 

4.079 

59.000 

4.458 

1600.000 


0.000 


865.000 


290.000 


14.690 


103.450 

0.000 

.550 


It AS RECEIVED COAL 


218.020T/HR 


4.922 





CASE NO. 44 


POHPR OUTPUT(NWE) ^00 GAS TURBINE INLET 

FURNACE PR. FURNACE TEMPERATURE <DEG-F) 

CCAL 3IT GAS ECONOMIZER 

WORKING FLUID < GAS FEEDWATER HEATER 

RECUPERATOR EFFECTIVENESS C.O L.M. CIRCULATION RATIO 

COMPRESSOR PRESSURE RATIO 15 L . M.FEEDHEATER 

AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 







o 

O 

“•'J )— < 

f 

cv 




TOTAL FLOW 

TEMPERATURE 

**** STATE POINTS 

10E05 LBM/HR 

OEG-F 

1 

L.M. TURBINE INLET 

5.075 

ImOO .000 

2 

L.H.CONOENSER 


1100 .000 

3 

L.H.FEED PUMP 

-^837. 000 GPM 

1100.000 

L 

L.M.RECIfiC PUMP 

12444.000 GPH 

1280.000 

5 

L.M, BOILER INLET 


1280.000 

6 

STEAM TURBINE THROTTLE 

3.998 

1000.000 

7 

STEAM REHEAT 


1000.000 

8 

ST.C0ND.3ACK PRESS. 



9 

FINAL FEEDWATER 


•,92.000 

10 

CONO/SG WATER INLET 


M92.000 

11 

COMPRESSOR INLET 

6.119 

59.030 

12 

GAS TURBINE INLET 

6. 607 

IcOO.OOO 

13 

gas ECON.GAS INLET, 


0.000 

14 

GAS FWH gas INLET 


865 .000 

15 

STACK Gas exhaust 


290 .000 

IE 

AS RECEIVED COAL 

327. 020T/HR 



EFFICIENCIES • * • * * 


15D0.0 L.M. SYSTEM .097 

NO PRESSURIZING SU9SYSTEM .262 

YES STEAM CYCLE ,433 

2.5 1 GROSS PLANT .416 

NO NET PLANT ,406 

1 NET POWER OUTPUTCMMEJ S77.22 

PRESSURE THERMAL LOAD POWER OUTPUT 
P5IA 10E09 BTU/HR MHE 

15.200 129.240 

2.400 4.G2fa 

28.930 .210 

19.750 .130 

4.538 

3515.000 615.600 

600.000 

3.500IN.HG 2.751 



7.383 



8-151 


CASE NO. 45 


POWER OUTPUT(HWE) IrOO GAS TUR3INE INLET 

FURNACE PR.FU'iNiCE TEMPERATURE (DEG-F» 

CCAL aiT GAS economizer 

working Fluid k gas feedwater heater 

RECUPERATOR EFFECTIVENESS Q.Q L. M. CIRCULATION RATIO 

COMPRESSOR PRESSURE RATIO 15 L. M .FEEDHEATER 

AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 


total flow TEMPERATURE 

STATE POINTS 1QE05 LBm/HR OEG-F 


1 

L.M. TURBINE INLET 

8.459 


1400.000 

2 

L.M. CONDENSER 



1100. OOQ 

3 

L.M. FEED pump 

^hZ7 , 000 

GPM 

1100.000 

u 

l.h.Recirc pump 

12444. 000 

GPM 

1260.000 

5 

L.M. BOILER INLET 



1260.000 

6 

STEAM TURBINE THPOTTlE 

6.664 


1000.000 

7 

STEAM REHEAT 



1000 . QOO 

8 

ST.CONO.EACK PRESS. 




c 

FINAL FEEDWATER 



^92.000 

IG 

CONO/SG WATER INLET 



492.000 

11 

COHPRESSOR INLET 

10. 196 


59.000 

12 

GAS TURBINE INLET 

11.145 


IcQO.OQG 

13 

GAS ECON.GAS INLET, 



0.000 

14 

Gas fwh gas inlet 



865 .000 

15 

STACK GAS EXHAUST 



290.000 


le AS RECEIVED COAL 


5l5. QmOT/HR 


EFFICIENCIES • * • * * 


leoO.O L.M. SYSTEM .097 

NO PRESSURIZING SUBSYSTEM .262 

YES STEAM CYCLE .433 

2.'; 1 GROSS PLANT .41& 

NO NET Plant .to6 

1 NET POWER OUTPUT (MWE) 1-,62.D3 


PRESSURE 

P5IA 

15.200 

2. *.00 

28.930 

19.75 0 

3515. 000 
600.000 


thermal load power OUTPUT 
10E09 BTU/HR MWE 

215.400 

6.710 

.349 

.167 

7.563 

1026.000 


3.500IN.HG 4.585 



12.305 



a-152 


CASE NO. U6 


PCHER OUTPUT(MHE) 12CQ GAS TUR3INE INLET 

FURNACE P%.FU-NACE TEMPERATURE (DEG-F) 

coal bit gas economizer 

WORKING FLUID CS GAS FEEDWATER HEATER 

RECUPERATOR EFFECTIVENESS 0.0 L. M. CIRCULAT ION RATIO 

COMPRESSOR PRESSURE R-TIO 15 L. M.FEEQHEATER 


AIR EQUIVALENCE RATIO 

i.2 STAGES OF 

steam REHEAT 



TOTAL FLOW 

TEMPERATURE 

**** STATE POINTS **** 

10E06 LBM/HR 

OEG-F 

1 

L.M. TURBINE INLET 

27.263 

IhOO.OOO 

2 

L.M. condenser 


1100 .000 

3 

L.M. FEED PUMP 

8786.000 GPM 

1103.000 

4. 

L.M.RECIRC PUMP 

22707.000 GPM 

1280. 000 

C 

L.M. BOILER INLET 


1280.000 

6 

STEAM TURBINE THROTTLE 

5.265 

1000. GOO 

7 

STEAM REHEAT 


1000.000 

e 

ST.C0NQ.34CK PRESS. 



s 

final feedwater 


492.000 

10 

C0N07SG WATER INLET 


492.000 

11 

COMPRESSOR INLET 

8.378 

.^9.000 

12 

GAS TURBINE INLET 

9.130 

1600.000 

13 

GAS ECON.GAS INLET, 


0.000 

14 

GAS FHH GAS INLET 


852.000 

1? 

STACK GAS EXHAUST 


290.000 

It 

AS RECEIVED COAL 

419.395T/HR 



EFFICIENCIES ♦ • • * ♦ 


IfcOO.O L.M. SYSTEM .106 

NO PRESSURIZING SUBSYSTEM ,256 

YES STEAM CYCLE .433 

Z.f 1 GROSS plant .452 

NO Net plant .4A1 

1 NET POWER OUTPUT (MWE) 1168.92 

PRESSURE THERMAL LCAO POWER OUTPUT 
PSIA iOEOS 3TU/HR MHE 

15.200 194.11 

2.400 5.349 

56.570 1.108 

21.130 ,400 

6.066 

3515.000 810.64 

600.000 

3.500IN.HG 3.623 



9.048 



8-153 


CASE NO. U7 


POWtR OUTPUT(HWE) -sOO GAS TURBINE INLET 

FURNACE PR. FURNACE TEMPERATURE CDEG-F> 

COAL bit gas ECONOMIZER 

working Fluid cs gas feedwater heater 

RECUPERATOR EFFECTIVENESS 3.0 L. M.C IRCULATlCN RATIO 

COMPRESSOR PRESSURE RATIO 15 L. M.FEEOHEATER 

AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 



TOTAL FLOW 

TEMPERATURE 

**** STATE- POINTS *♦♦♦ 

10E06 LBM/HR 

DEG-F 

1 L.M. TURBINE INLET 

13.632 

IaOO.QOO 

2 L.M. CONDENSER 


1100.000 

3 L.M. FEED PUMP 

8786.000 GPM 

1100.000 

4 L.M.RECInC PUMP 

22707.000 GPM 

1280.000 

5 L.M. BOILER INLET 


1260.000 

6 STEAM TURBINE THROTTLE 

2.633 

1000.000 

7 STEAM reheat 


1000.000 

6 ST.CONO.BACK PRESS. 



9 FINAL FEEDWATER 


492.000 

10 COND/SG WATER INLET 


492.000 

11 COMPRESSOR INLET 

4.189 

59.000 

12 GAS TURBINE INLET 

4.551 

1600.000 

13 GAS ECON.GAS INLET, 


0.000 

It* GAS FWH GAS INLET 


852.000 

1£ STACK GAS EXHAUST 


290.000 

if AS RECEIVED COAL 

209.70T/HR 



EFFICIENCIES * • ♦ • * 


1600. 0 L.M. SYSTEM ,106 

NO PRESSURIZING SUBSYSTEM .256 

YES STEAM CYCLE .A33 

2.5 1 GROSS plant ,A52 

NO NET PLANT .A41 

1 NET POWER OUTPUT (MWE) 584.47 

PRESSURE thermal LOAD POWER OUTPUT 

PSIA 10E09 BTU/HR MWE 

15.200 97.06 

2. too 2.674 

56.570 .554 

21,130 .200 

3.033 

3515.000 420.790 

600.000 

3.500IN.HG 1.812 



4.524 



8-154 


CASE NO. 46 


POWER OUTPUTCMWE) 1500 
FURNACE PR. FURNACE 
CCAL BIT 
WORKING FLUID CS 
RECUPERATOR EFFECTIVENESS 0.0 
COMPRESSOR PRESSUFE RATIO 15 
AIR EQUIVALENCE RATIO 1.2 

GAS TURBINE INLET 
TEMPERATURE (OEG-F) 
GAS ECONOMIZER 
GAS FEEOWATEF HEATER 
L.M. CIRCULATION RATIO 

l.h.feeoheater 

STAGES OF STEAM REHEAT 

**** STATE POINTS 

total flow 

lOEOo LBM/HR 

TEMPERATURE 

DEG-F 

1 L.M. TURBINE INLET 


34.080 

1^00.000 

2 L.M.CONDENSEf^ 



1100.000 

3 L.M. FEED PUMP 


8786.000 GPH 

IIOO.DOQ 

L L.M..RECIRC PUMP 


22707.000 GPM 

1260.000 

£ L.M. BOILER INLET 



1260.000 

E STEAM TURBINE THROTTLE 


6.581 

1000 .000 

STEAM REHEAT 



1000 .000 

e ST.C0ND.3ACK PRESS. 




9 final feedwater 



492.000 

10 CONO/SG WATER INLET 



492.000 

11 COMPRESSOR INLET 


10.473 

59. COO 

12 GAS TURBINE INLET 


11.379 

1600.000 

13 gas EGON. gas INLET, 



0.000 

14 GAS FWH Gas INLET 



652.000 

15 STACK GAS EXHAUST 



290 .000- 



16 AS RECEIVEO COAL 


524.250T/HR 


efficiencies ♦ ♦ • * • 


leeo.o L.M. SYSTEM .136 

NO PRESSURIZING SU3SYSTEM .Z56 

YES STEAM CYCLE .433 

2.5 1 GROSS plant .452 

NO net plant .441 

1 NET POWER OUTPUT (MWE) 1-61.15 

PRESSURE THERMAL LOAD POWER OUTPUT 

PSIA IOEO'3. BTU/HR MhE 

15.20 0 242.640 

2.400 6.686 

56.570 1.385 

21.130 .500 

7.583 

3515.000 1013.300 


600.000 

3.500IN.HG 4.529 



11.311 



CASE NO. 49 


EFFICIENCIES • ♦ * * ♦ 


PCHER OUTPUT(MWE) 

FURNACE P^.FLO 

CCAL 

HCRKING FLUID 
RECUPERATOR EFFECTIVENESS 
COMPRESSOR PRESSURE RATIO 
AIR EQUIVALENCE RATIO 

1200 

.BED 

3IT 

K 

0.0 

15 

1.2 

GAS TURBINE INLET 
TEMPERATURE (CEG-F) 
GAS ECONOMIZER 
GAS FEEDWATER HEATER 
L.M.CIRCULATICN RATIO 

l.h.feeoheater 

STAGES OF STEAM REHEAT 

lECO.O L.M. SYSTEM 

NO PRESSURIZING SUBSYSTEM 

YES STEAM CYCLE 

2.E 1 GROSS PLANT 

NO NET PLANT 

1 NET POWER OUTPUT (MME) 

.097 

.2=6 

.433 

.446 

.435 

1169.61 

STATE POINTS 

TOTAL FLOW 
10E06 LBM/HR 

TEMPERATURE 

DEG-F 

PRESSURE THERMAL LOAD 

PSIA 10E09 BTU/HR 

POWER OUTPUT 
MWE 

1 L.M. TURBINE INLET 


6. 863 

1400.000 

15.200 


175.270 

2 l.H. CONDENSER 



1100.000 

2.400 5.-r60 



3 L.M. FEED PUMP 


->920.000 GPM 

1100.000 

29.850 


.294 

4 L.H.RECIRC PUMP 


12657.000 GPM 

1260.000 

19.910 


.141 

E L.M. BOILER INLET 



1280.000 

6.154 



6 STEAM TURBINE THROTTLE 


5.369 

1000.000 

3515.000 


826.660 

7 STEAM REHEAT 



1000.000 

600.000 



6 ST.COND.BACK PRESS. 




3.500IN.HG 3.694 



9 final FEEDWATER 



•492.000 




1C CONO/SG HATER INLET 



•.92.000 




11 COMPRESSOR INLET 


8.500 

59.000 

14.690 



12 GAS TURBINE INLET 


9.263 

1600.000 



196.180 

13 GAS ECON.GAS INLET, 



0.000 

0.000 



14 GAS FWH GAS INLET 



852.000 

1.Q5S 



IE STACK GAS EXHAUST 



290.000 




IL AS RECEIVED COAL 


^25.500T/HR 


9,161 





8-156 


CAiE NO. 50 

efficiencies 


POWER OUTPUT(MWE) 1200 
FURNACE PR. furnace 
COAL BIT 

working fluid K 
RECUPERATOR EFFECTIVENESS 0.0 
CCHPRESSOR PRESSURE RATIO 15 
AIR EQUIVALENCE RATIO 1.2 

GAS TURBINE INLET 
TEMPERATURE (OEG-F) 
GAS ECONOMIZER 
GAS FEEDWATER HEATER 
L.M.CIRCULAT ION RATIO 
L.H.FEEOHEATER 
STAGES OF STEAM REHEAT 

1600.0 L.M. SYSTEM 

NO PRESSURIZING SUBSYSTEM 

YES STEAM CYCLE 

2." 1 GROSS PLANT 

NO NET PLANT 

1 NET POWER OUTPUT «MWE» 

.0 97 
.262 
.433 
.416 
.406 
1169.62 

**** STATE POINTS 

total FLOW 
10E06 LBM/HR 

TEMPERATURE 

OEG-F 

PRESSURE thermal LOAD 

PSIA 10E09 BTU/HR 

POWER OUTPUT 
HHE 

1 L.M. TURBINE INLET 


6.767 

1400.000 

15.200 



172.320 

2 L.M.CONOENSE". 



1100. GOO 

a.^tOO 

5.363 



3 L.M.FEED PUMP 


+337.000 GPM 

1103.000 

26.930 



.279 

A L.M.RECIRC PUMP 


12444. 000 GPM 

1280.000 

19.750 



.133 

5 L.H. BOILER INLET 



1280.000 


6.050 



€ STEAM TURBINE THROTTLE 


5.331 

IQOO .000 

3515.000 



820.800 

7 steam reheat 



1000.000 

600.000 




e ST.C0N0.3ACK PRESS. 




3.500IN.HG 

3.668 



S FINAL FEEDWATER 



492.000 





10 CONO/'SG WATER INLET 



492.000 





11 COMPRESSOR INLET 


6.158 

59.000 

14.690 




12 GAS TURBINE INLET 


8.9.1c 

1600.000 




206. 90Q 

13 GflS EGON. GAS INLET, 



Q.QOO 


O.OOQ 



lA GAS FWH gas INLET 



365.000 


1.101 



IE STACK GAS EXHAUST 



290.000 





16 AS RECEIVED COAL 


436. 030T/HR 



9.644 





Appendix A 8 . 2 


LIQUID-METAL RANKINE TOPPING CYCLE 
PARAMETRIC POINTS SIM'IARY SHEETS 



Table A 8.2.1 

RANKIN^ H£TAL vapor TOPPIN'S-'STiAfr'CYCLC SUMHARY ' PLANT ResULtS 


parametric point 

1 

2 

3 

4 

5 

S 

7 

3 

thermodynamic eff 

.ODD 

.000 

.000 

.000 

.ODD 

.000 

.000 

.000 

POWER plant eff 

.353 

.353 

.348 

.343 

.357 

r>371 
E338' 

.364 

.364 

DVTRArL CTERfiY EFF' 

■ .359 

■■ .353 

^ "■ .348 

' .350 

■■ .381 

.384‘ 

.364 

CAP COST MILLION S 

776. C73 

721.355 

741.956 

925.075 

872.115 

831. 7C8 

790.658 

811.147 

CAPITAL COSTtS/KWE 

634. S2E 

527.370 

643.436 

809. 23C 

748.654 

753. 3C7 

637.187 

715.261 

COE CAPITAL 

21. 643 

13.B33 

20.530 

25.532 

25.667 

23.972 

22.040 

22.611 

— TOE TDEL 

8.081 

8.095 

8.325 

3.334 

7.3CS 

7.317 

7;8T3 

7.373 

COE OP 8 MAIN 

1.3S3 

.330 

.358 

1.364 

.981 

.938 

1.847 

1.847 

COST OF ELECTRIC 

31.585 

28.858 

22.823 

35.873 

32.552 

32.785 

31.853 

32.430 

EST TIME Of CONST 

5,500 

5.500 

6.500 

5.500 

5.500 

6.500 

6.500 

5. 500 


PARAMETRIC POINT 

9 

IG 

11 

12 

13 

14 

15 

IS 

~ therhodynakic eff 

.DOC 

.COD 

• COD 

.000 

.000 

TOGO 

■ .DCO 

.DDO 

POWER PLANT EFF 

.351 

.352 

.353 

.343 

.434 

.407 

.337 

• 38 5 

OVERALL ENERGY EFF 

.353 

.354 

.359 

.350 

.434 

.403 

.337 

.388 

aAp_CQ.ST MILLION S. 

344.610 353.520 

767,403 

317,654 

730,036 

363,62.4 

762, 63i] 

300,675 

CAPITAL COSTtS/KWE 

B25. 290 SIS'. 250 

876-977 

801.866 

633. S54 

757.021 

870.467 

784.835 

COE CAPITAL 

25.083 

26.493 

21.401 

25.349 

20.231 

23.931 

21.135 

24.812 

COE FUEL 

3.254 

8.241 

3.GS1 

8.334 

6-677 

7.1SC 

7.303 

7.5C3 

COE OP 8 MAIN 

1. 953 

1.349 

1.363 

1.963 

1.647 

1.770 

1.744 

1.33C 

COST OF Electric ' 

■ 36.306 

36.889 

31.345 

35*646 

281584 

32.831 

30.242 

34.151 

EST TIME OF CONST 

6.500 

6.500 

6.500 

6*500 

6.500 

6.500 

6.500 

6.500 


PARAMETRIC POINT 

17 

13 

19 

20 

21 

22 

23 

24 

Thermodynamic eff 

.000 

.CCD 

.COC 

.000 

.DCO 

.ODD 

.000 

.CCD 

POWER PLANT EFF 

.316 

.347 

.194 

.111 

.331 

.373 

.360 

.360 

DVET?7n:L"ENeT!GY EFF 

■ ".315 

* .34T 

.rs4 

.111 

.38^1 

• '.373' 

.'3SD' 

.360 

CAP COST MILLION S 

859.552 

787.353 

915.6641178.917 

775.133 

784.563 

781.671 

823.214 

CAPITAL COSTfS/KWE 

762.232 

635.367 

333.0571126.112 

682.735 

631.433 

683.465 

726. CSS 

COE CAPITAL 

24,033 

21.382 

26.335 

35.539 

21.583 

21.85 8 

21.736 

22.353 

00 "iruETTun: 

3.18S' 

■6VT54“ 

■T4'.?3g 

26^182 

" 7.608 

' 7IT6S" 

8-.DS9' 

S.D59 

L COE OP a MAIN 

2.034 

1.304 

2. 316 

4.644 

1.722 

1.819 

1.859 

1.E53 

K COST OF ELECTRIC 

35.320 

32.240 

44.130 

66.425 

30.384 

31.463 

31.713 

32.871 

“ EST TIME Or CONST 

6.500 

6.500 

6. 500 

5.500 

6.500 

6. 500 

6.500 

_ . E . SCJO 


- PARAMETRIC POINT 

25 

"Zo 

27 


28 

29 

, 30 


_^31 

32_ _ 

rerRiToTTYNliac EFF 

.ODD' 


,000 


cbfT 


ODD 


-000 


CCD 


.COD 


.COO 

POWER plant eff 

.365 


,372 


367 


375 


.383 


353 


.359 


• 36 6 

OVERALL ENERGY EFF 

.365 


,373 


367 


375 


.383 


353 


.359 


.366 

CAP COST MILLION S 
^ — CAPrrAL TiOST .S/KW£ 

733.054 

355.857 

777 

107 

320 

626 

335 

-424 

772 

84 7 

795 

.443 

851 

-515 

'704.339 

T53. 

;484 

684 

7Sl 

722 

283 

raa 

.036 

682 

436 

701 

.69S‘ 

750 

.455 

COE CAPITAL 

22.266 

23. 

.819 

21 

643 

22 

333 

24 

.313 

21 

573 

22 

-182 

23 

.724 

COE FUEL 

7.943 

T. 

.778 

7 

906 

7 

737 

7 

.575 

8 

213 

8 

.081 

7 

.3 27 

COE OP 8 MAIN 

{rcrror^LEcTRit 

1.841 

32.055^ 

1. 

33. 

.812 

.410 

1 

31 

833 

387 

1 

32 

805 

3:75 

1 

"34 

.778 

~.ZS7 

. .. 1. 
31 

88iL. 

674 

.1 

32 

,J_5_3L 

.122 

. 1 
33 

.485 

EST TIME OF CONST 

6. 500 

6-500 

6 

500 

6 

503 

6 

.500 

6 

SCO 

6 

.500 

6 

.500 


PARAMETRIC POINT 

33 

34 

35 

36 

37 

33 

33 

40 

THERMODYNAMIC EFF 

.ooc 

.ODD 

.ODD 

,000 

-COC 

.GOD 

-ODD 

.000 

POWER PLANT EFF 

.362 

.363 

.378 

.360 

.336 

.366 

. .341 

.423 

OTLT^A'LL energy EFF 

. 362 


.378 


■ ' ■.■33s ' 

;366 

.341 

.423 

CAP COST MILLION $ 
CAPITAL COSTtS/KWE 

733. 820 

917.674 

393.153 

753.340 

613.336 

767-740 

311-553 

330. 5G0 

691.163 

720.565 

785.832 

675.854 

725.225 

673.957 

722.312 

68''.601 

i — ^ f uR" 

21.849 

22.779 

24.342 

21.365 

22.226 

21.3G5 


21.G73 

8.014 

■ 7.88S' 

■■ 77576 

£.047 

■ 8.6Z1 

7.5X7' 

6.495 

6.8 52 

COE OP a main 

1.843 

1-328 

1.732 

1-805 

1.334 

1.788 

1.873 

1.677 

, COST OF ELECTRIC 

31.712 

32-493 

34-310 

31.218 

33.442 

31.010 

33.22G 

30.202 

1 FST TIMF OF CONST 

6.SD0 

6-500 


GaSOD., 

__6,5D.Q_ 

. . G-5DQ.. 

. 6 ,.500 

5,757 


ss 

%% 

P pi 

S O 
P- S3 


fc-.: . .1 

Jrpts’ ^ - } 

c ^ 
o ^ 



Table A 3,2.1 Continued 


RAWKINE METAL VAPOR TOPPING-STEAM CYCLE SUMMARY PLANT RESULTS 


parametric POINT 

Thermodynamic eff 

^H£ajBuysi_EFF 

overall energy eff 

CAP COST MILLION S 
CAPITAL CgST»S/KUE 


COE CAPiTi 

■rfe~FOEL“ 


COE OP 8 MAIN 
COST^CF^E^CTR ICt 


A1 82 83 

.000 .000 .QCO 

■ 823 .8 23 _,Jt8 

.423 .823 .800 

573. SSI 9G5.793 883.079 
671.515 G78.236 772.263 
21,228 21,882 28.818 
■ gI 832 " ~ 71293 

1.678 1.678 1.800 

29.758 29.972 33,506 

.. . 6.1 a.1 ^.JLSa. .._5 ,,757. 


88 85 

.000 .000 

.. -3.aa_.. *.3asL 

.800 .800 


86 

.000 


87 88 

.000 .coo 

,829 .829 


. , _ .829 

558.3631105,025 323.205 821.3211088.288 
760.838 771.160 722.160 739.208 732,816 

‘ 22.829 23,358 23.156 

F.^TSe 6.7S6 6.756 

l.Sei 1.661 1.661 

31.286 31.785 31.583 


28.039 28.378 

■77233T ”-7:293 
1.800 1.800 
33,132 33.871 


_.6-lU 


J&aJ59 6*S0iI S,1.52_. 6ii7S3_ 


MRAHETRIC point 89 50 

THERHOimiAMIC' EFF .000 -;DD0- 

POWEH PLANT EFF .828 .398 

OVERALL ENERGY EFF .828 .800 

CAP COST NILLION S 760.293 832.808 

CAPITAL CO'STfSyKHE "665.982"769.-SBD ' 
COE capital 21.038 28-321 

COE FUEL 6.887 7.293 

COE OP 8 MA IN 1,672 1.800 

CXSTTJF'IXErCTRrC 'ZSlBtrZ 33.8T5 

EST Tine of const 6,5co e.soo 


51 

52 

53 

58 

55 

56 

- .GOD 

- .cotr - 

-* TOBO ' 

-inoGo 

: oDO ‘ 

- ".000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

•000 

.000 

.000 

.000 

. -JIPJI.. 


__^_ Q 0 _ 

« iiao . 

.000 

-"DCO 

.000 

.000 

.000 

.000 

.000 

.000 

-ODD 

.000 

.000 

.000 

.000 

.coo 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

•coo 

-.OOff ■ 

. ODD ”” 

.ODD 

. DDO - 

— .1500 

■ - .000 

.000 

.ODD 

.000 

• 000 

.000 

•000 



Table A 8.2.2 

iTAffKrNr HTTAL vapor 'TcPPInT^-STEXH Cy cTE'SUMKARV" PtAli^ 


PARAMETRIC POINT 1 

TOT AL CAPITAL COST tKS 77E.CS 

T> Lia 'HET"WPoft GENERATOR'S ?ms' 

L LIQ MET TURBINE #MS ZA.COC 

A steam TUR3-GEN 8 FEED STG >MS 21.200 
N MET VAP COND-STEAM GEN »MS 9..T40 

nr" xxQ Met cjRc s process svs »ms 27.178 

GAS TURB PUKPUP-REC-PIPING .MS 37. EDO 
LIQ met AUX ELEC EQUIP. »M* 2.750 


721.36 
■53.50% 
28. CCD 
21.160 
8.36C 


781.96 

3T.388 

28.0DC 

21.110 

8.S8G 


27.063 26.883 

37.160 38.560 


R TOT fnrJSTT TTOHFOfiEKrrTOST '.H$- 

E TOT MAJOR COMPONENT C0ST»S/KWE 


S BALANCE OF PLANT COST 
U SI TE LABOR 
LTroTALTSlRErT COST 
T INDIRECT COSTS 
PROF S OWNER COSTS 
B CONTINGENCY COST 

R escalation 'Cost 


.S/KWE 

»$/KUE 

.S/KWE 

.S/KUE 

»S/KWE 

»8/KWE 

'»$7kw"e' 


E INT DURING CONSTRUCTION tS/KWE 
A total capitalization »S/KWE 

K C OST OF ELEC-CAPITAL.MILLS/KWE 

inrD5T~DF" ELTCr-FtlEL .MILCS/KWF 

0 COST OF ELEC-0P8HAIN.MILLS/KWE 
W total cost OF ELEC .MiLLS/KHE 
N COE 0. 5 CAP. FACTOR . MILLS/KHE 

COE D.'B-'CAP.-TArTDTT .HXOrS/TCtrE' 

COE 1.2XCAP. COST .MILLS/KWE 
COE 1.2XFUEL COST tMILLS/KHE 
COE JC0NTINGENCY=0) iMl LLS/K HE 
CUErTEStACATTCNPCl 'HfTCL^yiarEr 


■ TST^YIB • 
160.303 
77.532 
86.652 
’328.5% 7 
88.193 
25.968 
30.832 

181-333 
688.626 
21.683 
■ '8.CS1 
1.363 
31.586 
38.191 

35.915 

33.203 

30.018 

-“27,P58- 


r7%.lT3T 
151.883 
69.C3D 
77.398 
29 8. 276’ 
39.873 
23.862 
28.3_3G 
1077368 ■ 
130.068 
627.370 
13.833 
8.035 
.930 
28.858 
38.919 
• ’257065' 
32-828 
30.877 
27.817 
‘28;7D8' 


1737 DT2' 
156.782 
71.515 

80- 392 
3D8'.e50" 

81- 000 
28.692 
29.322 

111713C 

138.683 

682.836 

20.530 

8.325 

.368 

23.823 

3 6.03 8 

■■257593' 

33.923 

31.888 

28.332 

“25-527 


926. D7_ 872.11 881.71 730-66 

IT.'STTO T?. 600 "i 7. 600 53.'6~8a“ 

28-CCC 28.000 28-COO 28.0CC 
21.200 21-200 21.200 21.235 

9.380 3.380 3-38D 9.380 

Z67D8'8' “267088 '26.088 27.183 

36.800 36.120 35.800 36.800 

2.750 2.750 2-750 2.750 

I37T73E ■T37;0'58 ’I367733 ISO. 956 ' 
120.010 117.655 117.601 153.568 
158.287 182.830 185.577 82.683 

108.870 98.737 36.202 38.275 _ 

tSZ.rt^ 3S878'82' 359 .'373 330 .866 
53.280 88.386 83-053 85.020 

30.618 28.391 28.750 26.839 

36.359 33t718 38 -IJlI 31.336 

132.878 128.1CB '125 .760“ li'3.'301 ’ 
167.772 155.213 157.215 188.583 
902.230 748.658 752.307 G37.S.S7 
25.582 23.G67 23-972 22-080 

■ 7T.338 T.SDS 7.817 7.973 

1.968 .931 .938 1.887 

35.879 32.552 32.7SG 31.859 

83.665 39.768 80.089 38.532 

“ir^ce — zjSTD%tr“ ZF^2i7 zr-esz 

80-995 37.23S 37.581 35.267 

37.58E 38.138 38.350 33.858 

38.030 30.338 31-050 30.262 

“30-526 ■ Z7;6D0 “ 27.770 27^287 


TOTAL CAPITAL COST »M* 388.51 959.52 767.81 917.65 730.10 869-67 762.69 900.68 

LIQ MET VAPOR GEN ERATORS tMS 17.600 17.600 59-688 1 7.60 0 51.856 17.600 58.788 17.600 

IIT B ~ HE T t UR 9 I WF’~ ■»Mr"‘2TS- ODD — Z^'.’DQD '■2%'^D'~2%mDD“"2T|;DaD “ZflIDO'O ■2%.'000 ’ 28-000 

STEAM TURB-GEN 8 FEED STG tMS 21.210 21-210 21.200 21.200 26.180 26.000 26.805 26.285 


M met VAP CONO-STEAM GEN »» 

7 Lia MET CIRC g PROCESS SYS _»| 

GAS Tufts pUHPDP=T7EC=-'PTPING' 
LIQ MET AUX ELEC EQUIP »» 

R TOT major COMPONENT COST .MS 


»$/KWE 

.S/KUE 

»S/KHE 

r S/KUE 

.S/KWE 

.S/KWE 

.S/KWE“ 

tS/KUE 


tMS 

21.210 

21.210 

21.200 

21.200 

26.180 

26.000 

26.805 

26.285 

*HS 

3.380 

3.380 

9.380 

3.380 

8.860 

9.380 

8.860 

9.080 

•MS 

26.153 

26-158 

23.320 

22.300 

26.163 

25-183 

26-833 

25.808 


■“3571ZD' 

36TI20 

"^T'-TOD' 

“36r8T5-D'“32.80D“ 

IT. Sod 

f9.-9oo“ 

■ 33 . 380 

»M$ 

2.750 

2.750 

2.750 

2.750 

2.750 

2.750 

2.75D 

2-750 


s balance of plant cost 
U SITE LABOR 
L TDTAL^D^RECT^C OST 

PROF 8 OWNER COSTS 
B CONTINGENCY COST 


R escalation COST 
ETTMTirDRISD CONS 


trXMt"DTTRI«6 CDNSTRDdTlDN .S/KWE 
A total CAPITALIZATION .S/KUE 
K COST OF elec-capital .MILLS/KWE 
P gOgl PF g?-^tr-FUEL .HlL LS/K WE 
■5 COST OF ELeC-OPIm a in » M ill S7kH E 
W TOTAL COST OF ELEC .MiLLS/KWE 
N COE 0.5 CAP. FACTOR .MILLS/KWE 
CO F OtS CAP. FACTOR .MILLS/kWE 
cot 1-2XCAP. COST " .MILLS/kWE 
COE 1-2XFUEL COST .MILLS/KWE 
COE C COHTIHGENCY=0I .MILLS/KWE 


13 7.173 137.178 177. B53 133.590 171.809 137. 
~H9;:B'86 rr9r;^681 156.999“H6;738'T5D^99 Ii9 
168.261 163.962 77.593 153.283 71.915 181 
106.315 XC7.821 86.204 108.081 80.903 96 
390-822 396.628 320.696 379-018 303.817 358 

BTr.T2Zl"58 “'83;.96Tr '^37061 — 817261' 8$ 

31.238 31.730 25.656 30.321 28.273 2B 

37.C90 37.679 30.866 36.DC7 28.825 38 

181.222 183.839 115.883 137.218 109.503 129 
"“17I7TDZ rr377ff9“I8D."353 ’IBB .’ZAiS' rS2;;679 15S 
825.290 338.250 676-377 801.866 639.968 757 
26.089 26.899 21.801 25.383 20.231 23 


183.132 

■1607968 

71-892 

88.926 

-3JL7,J.Q7 

83-312 

25.825 

30.132 




..8^S8 _8^281. 8.j081.._^51_ 

I79ST^ 1.983 1.863 T7963 


36. 306 36.689 31.385 35.686 28.558 32. 

88.285 88.750 37.876 83.362 38.735 8C. 

31. 380 31 .68 6 27.257 30^.813 28 .686 28. 

'ir.SZC' 81.589 "35. 625' '80.716 32.600 37. 

37-953 38.338 32.961 37.313 29.830 38. 

38.820 38.773 23-795 33.815 27.088 31. 

-^0. 892- - 31.X85_.2S.J62,... 30-382 28.321 _27^ 


670.867 
21.135 
„ 7 *.30.3. 

1.788 
30.282 
36,712 
25-JL33. . 
38 .881 
31-702 
28 .70S 
25.807 . 


Table A 8.2.2 Continued 


■RANKiNE METAL VAPOR TOP^G-STEAM CYCLE SUMMARY PLANT RESULTS 


parametric point 


TOTAL capital COST 
" LIITHeT vapor GrNERlfTORT"' ‘tHS' 

LIQ MET TURBINE »MS 

STEAM TURB-GEN 8 FEED STG fH$ 
MET VAP CONP-STEAK GEN ^ _.M$. 
Lia HEX CIRC 8 PROCESS SXS »Mi 
GAS TURB PUHPUP-REC-PIPING »KS 
LIQ MET AUX ELEC EQUIP »MS 


17 

ass. 55 
■a2T<l32“ 
2A.D0D 
21.13D 
S.34C 
■?7.G58‘ 
Se.CDO 
2.750 - 


18 


19 


20 


787.35 915.S6 11 78.32 

"G^.WQ“'S3r;»‘ff8' ■‘igTCrS'” 
2<t.0GC 2Q.0CD 12.CC0 
21.190 20.890 20. AOS 

3. 390 7.320 4. 160 

27.DE8' 26‘-T!2y 2S.088 
34.800 G8.8C0 110.400 

2,750 2.750 2.750 


21 

775.14. 
GO. 544 ■ 
24.00C 
21.310 
IC.OOD 
27. 60 3 
34.240 
2.750 


22 

784. 5T 
B2i33'6 
24.rC0 
21.2S0 
9.GZD 
27.448 
35.600 
2.750 


23 

7JJ..67 

61.184 

24.000 

21.200 

9.340 

27-448 

37.600 

2-750 


24 

823.-21. 
72-192 
24 .ODD 
21-2D0 
9-34tr 
29.348 
37.200 
2.750 


TrTDTT*irj0R’“CT)RP5fiE:RT-(r0ST »T:s" 

E TOT MAJOR COMPONENT C0ST»S/KHE 

s balance of plant cost *s/kwe 

U SIT E LABOR »S/KWE 

irTCTAL DIRXCr CrOST ~t'i7KVE 

T INDIRECT COSTS f*/KME 

PROF S OWNER COSTS tJ/KWE 

B CONTINGENCY COST_ _ •S/KWE_ 

“RTscALATroN COST »s/kbt: 

E INT during CONSTRUCTION .S/KVE 
A TOTAL CAPITALIZATION »S/KWE 
K COST OF ELEC-CAPITAL»MILLS/KME 
■OXTOST OF'ZCrC-FUEL »MTLLS/KVE 
0 COST OF ELEC-OPgHAIN»MlLLS/KWE 
W TOTAL COST OF ELEC -HILLS/KNE 
N COE 0.5 CAP. FACTOR .HILLS/KWE 

D-8~CAPXT^ACT0R 

1-2XCAP. COST 
1-2XFUEL COST 
(CONTING ENCY=0J 


"COE 
COE 
COE 

COE 

trOEr'tESCALATTON^D J 


^HILLS/KWE" 

fMILLS/KWE 

tMILLS/KWE 

-MILLS/KWE 

tHlLLS/KVE 


“zozirBimas 

179.835 161 
60.444 78 

93.692 89 

1T59I972'3Z9 
50.843 45 

28.798 26 

34.197 _ 31 
130.442 lie 
158.041 144 
762. 2SZ 695 
24.093 21 

9.188 
2.034 
35.320 
42.660 
3C.T2T 
40.133 
37.157 
33.580 
3CT.Z77 


;i4S* ZI3.'Zrr'26C'.8'I3‘ 1B0'^552"'IB3 .D14' IffS .522* 196 .03 o' 
.751 194-031 249.137 158-940 161.283 161.874 172-902 

.213 36.833 132-697 77.462 77.778 77-520 77-507 

.172 104.468 149.134 86.995 88.346 87-392 93.221 

.136 ■395.332~53n;?68' 323^398* 327.413 326.786 343.630* 
.478 53.279 76.058 44.368 45.057 44.570 47.543 

.331 31.627 42.477 25.872 26.193 26.143 27.490 

(268 37.55J7 5D^4_2 30.723 31.104 31-045 . 32-6%S 

.990 l4'2-5Sl 192'.698 116.828 118-316 117-980 124.247 

.166 172-712 233.463 141.547 143.350 142.342 150.535 

.367 833.0571126.112 682.735 631.433 589.465 726.089 
932 26.335 35.539 21.583 21.858 21.736 22-053 

T.6D8' 7.786 ■ 5;059 8.053 


8.354 ■ 14.939 26,182 


TOTAL CAPITAL COST tMS 

P LIS MET VAPOR GENERATORS tMS 
-X IXff-Hgrr TURBINE - - 

A STEAK TURB-GEN 8 FEED STS »H* 
N met VAP COND-STEAH GEN tMS 

T MET CIRC 8 PROCESS S TS - MS 

gXS"TTTr 15^^P UMPTJP-fec-PlFr NO »M^^^ 

LIQ MET AUX ELEC EQUIP »H* 

_R TOT MAJOR C0MP0NE_NT COST »MS _ 
■XeT MAJOR COMPONENT COST»S?KtfE 


S BALANCE OF PLANT COST 
U SITE LABOR 

_V.tjdtal^dire.ct cost 

^indirect costs 

PROF S owner costs 
B CONTINGENCY COST 


*S/KVE 
rS/KWE 

»t/KME. 

»S/KWE 
»*/KWE 
• S/KWE 
f*/KWE 


R escalation cost - 

*E TNT'DORIHG" CO'NSTRUCTIOK *»/kve 
A TOTAL capitalization .S/KWE 
K COST OF elec-capital -MILLS/KWE 
JL-CeST OF ELEC-FUEL_ . ».MILL*>/K«E.. - 
0 cost OF ELEC-OPSMAIHrMILLS/KliiE 
W TOTAL COST OF ELEC »MlLLS/KWE 
N COE D.S CAP. FACTOR »KILLS/KWE 
_ ,0Q£ .0.8 CAP, FACTOR -MILLS/KWE . 
COE 1.2XCAP. COST .MILLS/KWE 
COE 1.2XFUEL COST »HlLLS/KiiL 
COE I CONTINGENCY=DI -MILLS/KWE 
.._£DE JESCALATI0N=0) -MILLS/KME . 


~25 

733,08 
60 .032 
• ^T.OOff 
Z6.400 
10.460 
27,438_ 
■ 36. 4 DO 
2.750 

187.480 
i65'.2£ri ■ 
30.359 
88.544 
.35»j.X54_ 
45.158 
26.732 
31,745 
120.525 
1:46.026" 
704.339 
22 .268 
7.949 
1.841 
32-055 
38.846 
27.806 
36.508 

30.441 

27-336 


1.304 
32,240 
33.346 
28.044“ 
36.637 
33.911 
30* 6SC 
27.M1 

2.316 

44.190 

52.201 

351177" 

43.457 

47-177 

42.280 

38.673 

4.644 

66.425 

77.216 

*53.e7S‘ 

73.545 

71.661 

63.B53 

58*.?76*' 

1.733 
30 .384 
37.570 
*2G;863 
35.301 
32.506 
29.422 
26.468 

1.819 

31.463 

38.132 

27.2*9b 

35.835 

33.020 

23.831 

26.883 

1.859 

31.7X3 

38.363 

ZT.'BSZ 

36,073 

33.325 

30.135 

27.153 

1.859 

32.871 

39.868 

28.492 

37.462 

34.483 

31-211 

28.068 

*26 

-• 

—yb 

-^2 

30 

31 ■" 

32 

855.86 

70.656 

'24^000 

31.500 

777.11 

58.624 

24.000 

21.230 

820.63 

55-332 

"24.000' 

31.550 

8S6.42 
69 ,376 
24.000 
41.860 

772.85 

60.058 

24.000 

21.600 

735.45 
61.18.4 . 
24.000 
26 .700 

851.52 
71,424 
24.000 
31 .300 


10.180 

29.153 

36.120 

2.750 

204.359 

179.915 

81.709 

35.506 

.351-123. 

48.708 

29,570 

33.527 

123.535 

156.215 

753.484 

23.819 

7.778. 

1.812 

33.410 

40.667 

23.963 

38.174 

34.355 

31.634 

23-426 


11.020 

J27.0B8 

36.400 

2.750 


11.860 

_27.2.48 

36.120 

2.750 


12.420 

29.04.8.. 

35.600 

2.750 


7.340 

.27,18.8 

38.000 

2.750 


8.220 

,27-368 

37.600 

2-750 


8.220 

.29.268. 

38.800 

Z.75G 


181,092 192.920 215.054 181.536 
159.579 165. S~dl 1S9.D6B 166.23*9 
77.968 82.742 85.601 76.832 

86.955 90.329 93.178 86.378 

3H4JL5Q3. J42 -.8X2 J5Z3. a4.5_323.S09. 
44.347 46.068 50.581 44.053 

25.960 27.430 29.908 

30.828 32.573 35.515 




25.88^ 


30,73: 

.116.777 

141.485 


141 

684.731 722. 2S3 788.096 682.438 
21.648 22.833 24.913 21.573 

.7.711 7-J515 


._ 7.906.: 

1.633 

31.387 

37.933 

27.254 

35.717 

32.963 

29.819 

26-357 


1.805 

32.375 

32,336 

28.013. 

36.942 

33-923 

30.719 

27-537 


1-778 

34.267 

41,852 

23-521 

39.249 

35.782 

32.460 

29-054. 


. 8*213 
1.882 
31.674 
38.258 
27,555 
35.SS9 
33.313 
30.111 
27.160 


137.822 204. 
165.685 180. 
78.384 80. 

88.225 95. 

332-B3,4_3S5. 
44.995 48. 

26.631 28. 

31.625 33, 

,12D.D7XJL26. 
145.478 155. 
701.695 
22.182 
.. .8,081 
1.853 
32.122 
38 .888 
.27.889 
36.553 
33.738 
3C.514 
27.481. _28. 


IS: 

7. 

1, 

33 

40. 

23. 

38. 

35. 

31, 


362 

108 

258 

266 

£32, 

585 

m 

41S 

587 

455 

724 

327_ 

834 

485 

713 

362 

229 

070 

766 

521 



Table A 8.2.2 Continued 

_ R ANKiNE ' KETAY" VAPOR YoPPYnG- STEAM CYCLE SUFMARy'TLANT" RESirLT S 


PARAMETRIC POINT 


TOTAL CAPITAL COST 

■"Llff MeT"VAF0R cenTrayors"" 

LIQ MET TURBINE 
steak TUrB-GEN 8 FEED STG 
MET VAP COND-STEAK GEN 
■ XXO MET CIRC S' PROCESS SYS 
GAS TURB PUMPUP-REC-PIPING 
LIQ NET AUX ELEC EQUIP 


■ H A JOR'XBKPONEfir'XoST 
E TOT MAJOR COMPONENT COST»S/KWE 



34 


35 


617.B7 853.17 

■SU.D58 — G'5’.'3'3l!' 
24. DOC 24.0CC 
42.250 
1C.74C 
29.04'ff' 
36.000 
2-750 



36 

769.34 

'S'S.GW 

24.DCD 

22.9CD 

8.7S0 

27.TTr3 

37.600 

2-750 


37 

_B13.W 

62.208' 

24.DC0 

24.350 

3.16C 

27-59T8" 

38.800 

2.750 


38 

767.74 
53.624 
24. DOG 
22.535 
9.34r 
27.068 
36.800 
2«TS0 


39 


40 


8_11-5B 3J0.5D. 

'6i;;;,84" 30-336 


26.000 

23.970 

S.62D 

27^4^3 

38.400 

2-750 


s balance of plant cost 

_y SITE LABOR 
L~TOTAiL direct cost”" 

T INDIRECT COSTS 
PROF S OWNER COSTS 
B CONT INGENCY COST _ 

R ESCALATION' COST ' 


.S/KWE 

.S/KWE^ 

rS/KWE 

»S/KME 

fS/KWE 

, S/KWE, 

»S/KWE 


E INT DURING CONSTRUCTION »S/KWE 
A TOTAL CAPITALIZATION »$/K«E 

K C OST OF ELEC-CAPITAL»MILLS/KWE 

D COST OF ELEC-FUEL ' »MILLS/k.UE 
0 COST OF ELEC-OPSHAINfHiLLS/KWE 
U TOTAL COST OF ELEC »MILLS/KWE 

W COE 0-5 CAP. FACTOR »HIl LS/KWE 

COE 0.8 CAP. FACTOR »M1LLS/KWE 
COE 1.2XCAP. COST .MILLS/KUE 
COE I.2XFUEL COST .HILLS/KWE 
COE (CQNTINGENCY=01 .Mil LS/KWE 
X. eiE;nESCALAT10N=X)^ iMlLLS/CTE' 


153 , 

162.582 170. 
76.366 81. 

87.312 30. 

327.4i;i 341. 
44.835 46. 

26.197 27. 

. 31 ,10 9 .32. 

118.271 123. 
143.295 149. 
691.168 720. 

21.343 22. 

■ ~'S'.'014 7 ; 

1.848 1. 

31.712 32. 

3 8.378 39. 

27.541 '28. 
3G.D32 37. 

33-315 34. 

30.130 30. 

rr.i'4B 27. 


53T 
547 
147 
287 
981 
046 
353 
4,8 3 
3C1 
330 
565 
779 
,386 
828 
433 
438 
147' 
04 8 
.070 
840 
7'2G' 


2Tr.676''IT2Tr5E""fM7B6G~17>I .'fi7 T87Y377 ' 
188.873 160.549 168-393 158.933 166-910 
S4.3S9 74.258 87.558 75.183 88.245 

99.314 35.570 85-310 88-739. 

5X2.S92'^2C;37T^44.,'>83 313.486 343.894 
50.650 43,641 45.409 43.508 45.257 

23.807 25.630 27.593 25.553 27.512 

__3S,.3J6 3IL.A3fi 32*775. _3,Q.._351 .32*fi70. 

134.471 115.651 124. D39 115.326 123.703 

162.922 140.120 150.356 139.727 149.876 

785. B3S 675.854 725.225 673.957 722.312 

21_-3G5_ 22.S26_ 21.3Q5 22.853 

“■■8;D4T '8;62i 'T.gi? " 8-49'5" 

1.805 1.894 1.788 1.878 

31.218 33.442 31.010 33.226 

37*739 4 0.431 “ 

27.137 ZS.D68 


24,842_ 

■ t.-Gys 

1.792 

34.310 

JtL,8JJt. 

23.577 

33-278 

35-845 


35.491 

32.827 


38.027 

35.166 


i7.51i__40*X33- 
26.341 28.857 


32,509 , 2.9, 670 31*77^ 

23.112 26.747^28.^44 


35.271 

32.534 


37.737 

34.325 


’9*5S3L. 31*565 
?S-5S2 28.444 


12-00 0 
12-805 
5.242 
17.624 
15,2Qn 
1,375 

■'SiTiBeT 

166,057 

84,968 

93.541 

344.566 

47-706 

27.565 

„3a*175, 

107,987 

127-602 

685.601 

,21.673 

6.852 

1,677 

30.202 

_.36*81G. 

26.064 

34.537 

31.573 

i8,749 

26.124 


PATTARE TRI'C -PTJXRT 


total capital COST fK$ 

LIQ MET VAPOR GENERATORS iMS 

'LIQ-RETTUiRBlME 1 ftf ' 

STEAM TURB-GEN 8 FEED STG .MS 
MET VAP CQND-STEAM SEN .MS 


42' 


‘43‘ 


■4'4' 


'4T“ 


4'6 


47' 


48' 


T . .Ug BET CIRCSPRPJCE^ 

gIs^turF pumFOp^rec^ piping . - 

LIQ MET AUX ELEC EQUIP 
R TOT MAJOR COMPONENT COST .K$ 

CoKPoNERT'CSST.S/kVE 


MS 

MS 


573.56 365.73 

45.5C4 75.840 

TSiTracr'FC.ODff 
19.228 31.973 

7.863 13.105 

22.082 31.003 1 7.112 

22.300 38.00'D' 14.320 

2.CE3 3.437 1.375 


443. C8 
8.8DD 
12. ODD 
12-730 
5.186 


654.36 1106.02 
13.2DD 22.000 


'TS;ODO 
19.115 
7.77 9 
■■-2 1.31 2 


30^'OD' 

31,785 
12.965 _ 

2JL«72L4__60 *033 . 

22.200 37.000 3P.00D 

2.053 3.464 2.75D 


823.20 

66.621 

■16,000 

25.530 

10.644 


421.32 1044.25 


75.776 

20.000 

31.838 


30.310 

8. Sod 

11.305 

5.322 , 

.35,*30.1._T2*86.6 

15.000 37.500 

1.375 3.437 


13.305 
- 12*8 ' 


•S/KWE 

•S/KWE 

,is/ja<E_, 

•S/KWE 

•S/KWE 

•S/KWE 

_,s/kke„ 


s balance OF plant cost 

U SITE LABOR 

L to tal. PIRE CT -CflSJ- 

T INDIRECT COSTS 

PROF 8 OWNER COSTS 
B CONTINGENCY COST 
SCAL A TT ON COST 

NT 'DURING ' construction »S/KWE 
TOTAL CAPITALIZATION »S/KWE 
COST OF ELEC-CAPITAL»MILLS/KWE 

COST OF ELEC-FUEL HlLLS/K WE 

COST OF elec-opskain»mills/kwe' 
total COST OF ELEC »KILLS/KWE 
COE 0-5 CAP. factor .MILLS/KWE 

i COE 1-2XFUEL COST »MILLS/KWE 
COE ( CONTINGEKCYnOl .KILLS/KWE 
a. Ci2£L_lE5£ALAII01L=ni . -sHlU-SZKiiE. 


137.540 223.363 
TElTQOr I56.'Sr2 
76.856 71.549 

88.333 85.729 

_32£*1 m3X4.*JL5a 
45.C5D 43.722 


26.095 

29.947 


25.132 

30.657 


125-755 11ST395 180.^44 189.168 178.797 

156.378 148.142 142.712 71-742 84.581 71.080 

105.837 100.544 97,876 90.601 98.700 90.460 

J5 87* 32.5. .35.a*l££L_35£ji353 _34 2 -. 6.8 8 .372 *4.431.340 *337 
53.977 51.278 43.917 46.207 5C.337 46.135 

31.034 23.533 28.559 27.415 23.736 27.227 

33.372 33.892 34.837 32.555 32,617 33.213 


Xil-aas 119.087..123L.,.6.4E.,L2_5,,,7a5-I35«J31.JL23.57i 116.430, 128;553 
133.149 145.54? 143.735 150.780 165.474 149.720 137.579 157.246 


54?' 

671.515 678.236 


21.228 

6.852 


21.442 

6.852 


1.678 1.678 

23.758 29.372 

36.238 36.516 

25.703 ^25.877 

— 3¥;nrr4 Sr.'zisc' 

31.128 31,342 

28.270 28.383 

._^Z5*5fi6_.2S*351 


772.283 760.438 771.160 722.160 739.208 732.816 

24.414 24.039 24.378 22.823 23.368 23.166 

- .. - T * ;g 93 7.2ai__JL*295_ _6.I56 6*75.6.- . 6,75.6- 

1.800 1.8D0 1.80G 1.661 1.651 1-661 

33.506 33,132 33.471 31.246 .SI. 785 31.583 

4C.941 4C.455 40.835 38.206 38.907 38.644 

_i8*8,5.4.. _28.*p.a._25-*.625- .26,831 . .27 *323 . ..27*165 
TS75B8 ^.940 38.346 35.812 36.459 36.216 

34.964 34.591 34.923 32.598 33.136 32.934 

31-870 31.448 31.655 29.591 30.214 29,861 

. 28*ail_i8*317 28*135. .2£*,470 22*387- 2G.5S9. 
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RESULfs' 


52 

53 

5 «t 

55 

5 G 

.DD 

.00 

.CO 

.00 

jDO . 

".ocd 

.000 ■ 

.COD 

.000 

.000 

• OOC 

.COG 

.CCD 

.000 

.000 

.oco 

.000 

.000 

.000 

.000 

.DCQ 
"‘.DOO ■ 

.000 

."000 

.OCD 

.000 

.000 

.000 

. 000 , 
•00 0 

.DDO 

.000 

.000 

.ODD 

.000 

.OGO 

.000 

.000 

.000 

.000 

■".■dcro" ■ 

■■■;ccc ■ 

. OCD " 

.000 

.COo 

.oco 

.000 

.000 

.000 

.000 

.ncD 

.ODD 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

■ ;ODG 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.OCD 

.000 

.000 

.000 

.000 

.000 

. ^000 . 

... .000 

.000 . 

.000 

.000 

.ODD 

.000 

.000 

.000 

.000 

.000 

.000 

.OCD 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

•ooo 

'.ODO 

.*000 

.Oco 

.000 

.000 

.000 

.000 

.000 

.000 

•ooo 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

. .. DOO . 

.000 

• ODD 

.ODD 

.'COD 

.000 

.ODD 

.000 

.000 

.000 

.000 

-ODO 

•ooo 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

-oco. 

.000 

• OQO 

‘.OCD 

‘.000 

.000 

.000 

.000 
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Table A 8.2.3 

- RTNKINE METAL VAPoR ToPPIMff-STEAM {TCCE' 'MTUft'at~R'r?^trrRCC PREnTREMENTS 


PARAMETRIC POINT 
"coal; LB/KVF-hR- 
SORB ANT OR SEED »LB/KW-HR 
TOTAL WATER! GAL/KH-HR 
COOLIMG WATER _ 

■gasifier process 'MZ tr 
CONDENSATE MAKE UP > 
WASTE handling SLURRY 

SCRUBBER WASTE WATER 

TJOrsuppRESSlON ' 
TOTAL LAND ACRES/ICOMWE 

main plant 

CXSEDSAL-LAAiD. 

land FOR ACCESS RR 


POINT 
COAL? LB/KU-HR 
SORB ant or S£EDfLB/KW-HR 
■ TOTAL WAlER r eAL/KW-HR „ 
COOLING VTATER 
GASIFIER PROCESS H20 

condensate make up » 

WASTE HANDLING SLURRY 
TCRIIBFER-lrtSTE WATER 
NOX SUPPRESSION 
TOTAL LAND ACRES/lOQMWE 
WA IN PLANT 

jIsposIl 


1 

.38127 

.«6G28 

,7S7 


TQOTiai 
.DOCIG 
.03E5 
.05288 
.00000 
11A.59 
IS. SO 
.7X.24 


T;oB»7r 1 

.12036 

.664 

"TTroD'Ofi 
.00580 
.0250 
.05271 
■ lODODC' 
67.33 
16.26 
--3D»5I 



J6.21.. 


3 

.86346 
•46003 
-772 
. *6,18. 
.00000 
•DC617 
-0952 
.05217 
.00000 
113.54 
16.43 


LA^°FOR ACCESS RR 


parametric POINT 
COAL* LB/KW-HR 
SORB ANT OR SEED »LB/KW-HR 
"TOTAL UJITEl?r' gXl'7k«-HR 
COOLING WATER 
GASIFIER PROCESS H2D 

CONDEN SATE MAKE UP r 

r iraSTr'WrMDLIMe"SLURRY 

« SCRUBBER WASTE WATER 

f NOX SUPPRESSION 

1 TOTAL LAND ACRES/IOCKWE 

HATN PLANT 

DISPOSAL LAND 
land FOR ACCESS RR 


20,35 

20.56 

19.10 

23.65 

20.29 

20.33 

20.34 

20.34 

-'3 

■ 10 

T1 

12 

— 13 


15 " 

"16 

.83632 

.83382 

.88127 

.30383 

.72812 

.77325 

.79645 

.81435 

.47424 

-47292 

.46628 

.47821 

.38525 

.40912 

.42140 

.43087 

. .-8J.7 

jl?X6 

-,7C7 

*812 

,754 

.*1.3.3 .J16.3 

.-_.T33 

.6C7 

.607 

.611 

.601 

.624 

.617 

.522 

.608 

.D51S3 

.05148 

.00000 

.05206 

.00000 

.04454 

.00000 

-D4E91 

.00606 

.00606 

.00610 

.00600 

.00676 

.00668 

-00647 

.00637 

.0982 

.05378 

.0975 

"-1(5363 

.0965 

.05288 

.0390 

.05423 

.0797 

.04353 

■ ."oS^isg" 

,0872. 

IG4779 

.04^iii 

.ODDOO 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

113.30 

113.09 

114.53 

113.34 

100.93 

102.81 

107,03 

106.31 

■ 

17.30 

16.50 

17j.3D 

T5.98 

.JL6_.33_ 

JLT.2* 15,44 

17.25 

"73114 

T7.24 

63.82 

65.00 

69.81 

63.46 

20.65 

20.65 

20.85 

20.65 

20.7? 

20.57 

20.78 

20.60 

17 

18 

19 

20 

21 

22 

23 

24 

L.D0197 

.31105 

1.62310 

2.85522 

.82368 

.84912 

.87884 

.87881 

.53014 

T78i 

. 48204 

— .T6T 

-86196 
— -;77r 

1.51070 

■.795 

.43893 

.793 

-^43Z7„ 

.732 

.765 

.4649^ 

.763 

.605 

.593 

.435 

.308 

.652 

.632 

.610 

.608 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.006C4 

.00538 

.00434 

.00307 

.00651 

.00631 

.00608 

.00607 

“.ID9T" 

■ '-0998 

' .1704' 

“ '".‘3127" 

~ 'icgioa 

■"■^093B" 

■“;0"963 

.ogej 


.06012 .05466 

.00000 .00000 

125.37 117.24 

■ir.5F~rB-.-52' 


.03775 

.00000 

176.34 

-i-TTmr 


.05273 

.00000 

AW-37 

16.43 


j. PARAMETRIC POINT 
r- COAL* LB/KM-HR 

SORBAnT OR SEED*'lB7'K»-HR 
TOTAL WATER* GAL/KW-HR 
cooling WATER 
^ GA^F IER PROCESS H20 

V r WASTE hANDLiNG SLURRY 

« SCRUBBER i*ASTE WATER 

NOX SUPPRES SION 

total lAnd ACrES/IQOMWE 
MAIN PLANT 
DISPOSAL land 
^MO .EQR. ACCESS .BR 


87.82 

73.85 

142.79 

250.26 

72.72 

74.42 

77.03 

77.03 

20.96 

20.87 

15.54 

10.42 

22.42 

22.43 

20.85 

20.85 

25 

26 

27 

23 

29 

30 

31 

32 

.86686 

.84825 

.86216 

.84375 

.82609 


.88125 

«86450 

.'ifrffsr 


::7(5STT" 

.44r43 

.43709 

.4f4l2 

■"^46627— 

".45741 

.743 

.714 

.735 

.705 

.677 

.750 

.765 

-741 

.530 

.564 

.532 

.556 

.530 

.632 

.610 

.589 


..OGODO 

^06rC“ 

.0949 

.05201 

.0PDI)0__ 

113'.3r 

16.48 

75.38 

2tl..a3_ 


.00000 
T006X9 ■ 
.0929 
.05089 
■DODCO _ 
'II5.D2' 
16.46 
74.35 


.OCOCO 
■-00618 ■ 
.0344 
-05173 
.00000 
112-87" 
16.48 
75.57 

-.2J1.83 _ 


.OOGCO 
; 00623 ■ 
.0324 
.05062 
.00000 


103-62 

16.46 

73.35 

.-13,.^2JL_ 


.00000 

;oo62r 

.0905 
.04957 
. 0000 0 
106. 4'3 
16.44 
72.41 


.CQCCO 

■looeer 

.0SB2 

.05378 


.00000 
-Do 60 9 
.0965 
.05287 


_.OQOCC__-P_tmflD. 
117-55 114.59 

16.51 16.50 

78.56 77.24 

2Ci*.85 


*00000 

.00612 

.0347 

.05187 

„.DtCJDa 

113.08 

16.48 

75.77 

20«B3 


table A 8,2.3 Continued 

ia'NlaNEirETnr' VTpOR^O PP^N^T frAir^^^ PYurjTl ■■res OURCF^BUT^ 


paraketric point 

iroAnL. CByfOJ-HR ■ ~ 

SORB Ant or seed»lb/kw-hr 
TOTAL HATERi GAL/KW-HR 

G^^I^eR''^R 0?ES S " HZIi ■ ■ 
CONDENSATE KAKE UP > 
HASTC HANDLING SLURRY 


SCRUBBER WASTE WATER 

ffoysruppRESsidN " ' 

TOTAL LAND ACRES/IODMUE 
MAIN PLANT 

DiSEflSilLJLANg. - 

LAND FOR ACCESS RR 


— partcsetruttoint 

COAL. LB/KW-HR 
SORBANT or SEED. LB/KW-HR 
total w ater * GAL/KW-HJI, 
cooOmg water ' 
gasifier process H2D 
condensate hake up . 
WASTE HANDLING SLURRY 

"SCROBBTR TiASTE WATER 

NOX SUPPRESSION 
TOTAL LAND ACRES/IDDKHE 

! MAIN PLANT 

“DlSPffSAL HARD ' - - 

LAND FOR ACCESS RR 


parametric POINT 
CO*L. LB/KW-hR 
SORB a nt or SEED.LB/KW-J{R 
TOTAL' IfATER .' g ACTkTPHR 
cooling water 
gasifier process H2D 
condensate KAKE UP . 
wastt hahdlimg slurry 
scrubber waste water 

tot al ^AND'^ACRii^^DOHWE 
'K atn 'plant' ■■ - ^ - 

DISPOSAL LAND 
LAND FOR ACCESS RR 


23 

'.37C0D 

3A 

■ IB 59 93" 

35 

.83709 

3G 

■ .B77GD” 

'IbIoYS 

38 

rB3333 ■ 

.11^544 

".tStii 

.A62A3 

.A5502 

.AA29D 

.46434 

.49745 

.45679 

.43018 

.39534 

.75A 

.7A9 

.G3S 

.155 

.165 

.152 

-163 

.795 


~0qoM'^ 

.SAS. ^nco 

. ..CID.G. 

-ODD 

._..CDG„ 

.. _*662.. 

.00000 

.00000 

.00000 

.00000 

.00000 

•00000 

.DGG14 

.DC617 

.DDG23 

.00608 

.00594 

.00614 

.00599 

-00637 

.0357 

.03 A 2 

.0917 

.0961 

.1030 

.0946 

.1015 

.0813 

.052A4 

'iODUDD 

.051EC 

.05023 

.05266 

.05641 

_»05iec . 

*0.5559 

.DAAS3. 

'.OOODC 

.(TOO DC 

‘.OOQOO ■ 

'.docoo 

.00000 

.00000 

.00000 

113. 9A 

112. 6S 

1D9.02 

93.35 

178.51 

92.09 

175.60 

112.72 

1S.A9 

16.A8 

16.45 

16.43 

1S.G7 

16.42 

16.66 

24.88 

.. 15-itSl. 

15*33 - 

73.37 


-fiZ.Al- 

T5.KL- 

8JL.20^ 

_.65*43 

50. 3A 

20^3 

13.20 

.00 

79.43 

.DO 

77.74 

22.35 


tfl A2"‘ ~A3 »»» AS AS A7 A3"’ 


.74726 

.74723 

.73031 

.73098 

.7SCS5 

-73G7T 

.73677 

.73673 

.33538 

.39536 

.41847 

.41351 

.41 B49 

.33932 

.33982 

.33980 

..79G_ 

.796 

.839 

-832 

^-E39. 

-TBO 

-780. 

-78D 

. 6 32 

. 66*2 

■ *'.S52 

' .652 ■ 

.652 

.643 

.548 

.549 

.00000 

.OOCDC 

.04556 

.04555 

.04556 

.OGCCQ 

.OOCCC 

.000 00 

-00637 

.00697 

.00587 

.00687 

-00687 

.00683 

.00533 

.00683 

.0818 

.0813 

.0866 

.0866 

.0856 

.0807 

.0807 

.0307 

' .04454' 

.04483 ' 

.04745 

'.04746 

.■04746 

.04421 

'104421 

-04420 

.DOOOD 

.00000 

.GCOCD 

.OODCC 

.00000 

-OOODD 

.00000 

.00000 

103.42 

102. 34 

114-83 

110.25 

104.41 

103.31 

111.77 

loc.ei 

19.51 

14.36 

26.15 

20.51 

15.09 

16.40 

24.85 

14o35 

TTS.' SIT 

"65.49 

"66-49" 

"S6.*49 ' 

6S;4T 

■ 6'4.S8' 

64 .r 3 

64-57 

23.41 

22.39 

2Z.1B 

23.24 

22.82 

22.33 

22.33 

21.69 

49 

50 

51 

52 

53 

54 

55 

56 

-74665 

.79091 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.39505 
■ .73T~ 

.41847 

.'839* 

.00000 
■ .’DGO 

.00000 
* .D 'D O ' 


-QCono 

.000 

jPODOO 

-000 

-DOCOJ).. 

.000 

.603 

.652 

.000 

.000 

-ODD 

.COD 

.000 

.000 

.00000 

.04556 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00636 

.00687 

.00000 

.ooccc 

.00000 

-DOOCC 

.00000 

.00000 

.osiff ■ 

■ '.'0866 

-0000 

-0000 ■ 

lOOOO* 

.9000 

.0000 

.oogg 

.00000 

,04480 

.04745 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

-00000 

.00000 

.00000 

.00000 

.00000 

.ooogg 

102.58 

105.93 

.00 

.00 

.00 

.00 

.00 

•"■YS7A75 17. 2S" 

VOO" 

'-DO 

'.00 "■ 

.00 

' ■ .00 

.00 

65.44 

SB.4S 

.00 

.00 

.00 

.00 

.cc 

.00 

20.73 

22.18 

.00 

.00 

-DC 

-00 

.00 

.00 


aSRKPT 


PRINTS 
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T^leXf.3ri ■ ■ 

RANKINZ ?iITAL vapor topping-steam cycle account listing 

_ . . PARAKETf?IC. POINT . - . 

ACCOUNT NO. & NAHEf UNIT AmOUnT MAT S/UNIT INS S/UNIT MAT C0ST»$ INS COST.S 


SITE development 
1. 1 LAND COST ACRE 

„ 1. ,2. clearing land acre 

1. 3 GRADING LAND ACRE 

X. ACCESS RAILROAD HIlE 

1. 5 LOOP RAILROAD TRACK MILE 

1. S STDTN R H R TP.ACK .MIU: 

1- 7 OTHER SITE COSTS ACRE 

PERCENT TOTAL DIRECT COST IN ACCOUNT 


1S7.D 

E2.i 

187.0 

5.Q 

2.5 

.0 


IDDD.rC 

-GQ.. 

.DO 

115000.00 

120000.00 

12SDDOVDO 

.00 


.PC 

SOc.no 

3000. CD 
IIDOOC.DD 
7GDCC.CC 
. an£iDa..D0. 
PC 


1 = .BS'i ACCOUNT TDTALtS 


187CGC.DC 

. ^OP . 

.CO 

575000.00 

30QG00.00 

^00 

3SG4CE.B6 

145S4CS.S6 


.DC 

37396.25 

561000.00 

550000.00 
1750CC.CG 

_ . 00 . 
396406. 8G 
1713803.11 


EXCAVATION 8 PILING 

2. 1 COMMON EXCAVATION YD3 75150. 0 .00 3. CO .00 22545C.DG 

2. 2 PILING FT 200400. D 6.50 3.50 1302600.00 1703400. DO 

PER CENT TQTAl OIRECI CQST_ IN. -aCCGUN.!. ,.2_ = . .87a_JU:caUNI -XOT ALiS J.3D2EQa.D0- 1328850.00 


PLk^¥''li°'^CONjRET'' YD3. 25050,0 

"3. 2~SPEClALSTRUCtURES YD3 ' .0 

PERCENT TOTAL DIRECT COST IN ACCOUNT 2 : 


. Z . U.PD . 3 r .. pQ . - U 535 a . p.oo jjoataoc.an 

.00 .CD .00 .00 

1.021 ACCOUNT TOTAL** 17535D0.00 2004000.00 


HEAT REJECTION SYSTEM 
4. 1 COOLING TOWERS EACH 

4- 2 CIRCULATING H20 SYS EACH 


3.-3 SURFACE CONDEZiSER FT2, ,_33.4C3P 

^ERCE^T^^AL DIRECT COST IN ACCOUNT 


13 .0 

1.0 


4 = 


.CD .DC 13S55D0.D0 9345CC.0C 

.00 .00 1133243.23 1527531.13 

_ jiP . 0 . ,CP .. JJ 741562 J .2 _ 2588 ^ 6 . J . 7 . 

2.036 ACCOUNT TOTAL** 4882305.31 2790937.34 


O 

MS 


5. 1 STaT. structural ST. TON 273GD.C 

5. 2 SILOS S OUNKERS TPH .0 

5. 3 CHIMNEY FT .0 

5. 4 STRUCTURAL FEATURES EACH, . . 1.0 

^ PErJTCETlT T5 TaL 'dTRECT COST IN ACCOUNT' 5 : 



175. CG 17745CCD.C0 47775G0.DC 

75G.0C .00 .00 

.CO .GO .OC 

_ Z25PCCjrP0 ,, 1 56CD0 , lOO 

total** 184700QD.DO 43435QD.0D 


S. 1 STATION buildings 
B. 2 ADMINSTRATICN 
S. 3 WAREHOUSE S SHOP 


FT3 7500DDD.0 
_ _ .. FT2 2CCCG.D 

6. 3 Warehouse s shop ft 2 20000-0 

_ELRC£fiL..lOJAL-DXR£CT„CQSJ JN. ACCOUNT _G .= 


.15 .IS 1200000.00 1200000.00 

16. CD 14. OC 32D0CD.CC 28CD00.D0 

12,00 8.00 24D00D.D0 ISDODD.OD 

-iDJALiS 17.&ED.Qg.DD. JlESaDOD.CD, 


^8 

O 

erJ 

t=/ 


FUEL HANDLXNG 8 STORAGE 
_ii_l_CQAl_iLAJJ.0LlN5_S.lS .. 


7. 2 dolomite hand. SYS 
7. 3 FUEL OIL HAND- SYS 
PERCENT TOTAL DIRECT COST IN ACCOUNT 


TPH. !tsa-5. 

TPH 264.3 

DAL 260D0CD.D 


FUEL PROCESSING 

1 COAL DRYER 8 CRUSHER TPH 
TPH 

3. 2 gasifiers TpH 


..HQ * lIIQ _ 1 I 1112 J 8 Z 5 jJ . 2 . _ » il 3571 . J 3 . 

.DC .PO 3463001.50 1567851.77 

.00 .DO 290336.01 Z2782S.41 

5.433 account TOTAL.* 13877662.62 E1D9243.34 


.0 .00 .00 

^ J!Q mnSL. 

.0 -on .00 

percent TOTAL DIRECT COST IN ACCOUNT 8 = .OOP ACCOUNT TOTAL** 


.00 


.00 

.DC 


.00 

.00. 

.OC 

.OC 
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lable A 8.3.1 Continued 


rankine: metal vapor topping-steam cycle account listing 

PARAMPTPTC POTNT NO. ! 


ft . 


ACCOUNT MO- 8 NAME* 


unit 


AMbDN,T HAT Sr/UHIT IHS i/UHiT MAT COST« S IHS COSTrt 


FIRING SYSTEM 
9. 1 

_RFRCFm T . T nTAl 


I?TRECJ...En ST In. ACCOUN T 


.0 .00 .CO 

R = .non ACCOUNT TQTAL._S 


.CO 

■« no 


.00 

-niL 


'.‘w' VAPOR generator (FIREDJ 
10. I PRESSORIZF BOILER 


CA 






.00 


ML 


.mSUL 


10. 2 FLUID BED BOILER EA 4.0 14912000.00 8387993.34 59648000.00 33551993. 7S 

PERCENT TOTAL DIRECT COST IN ACCOUNT 10 =25.333 ACCOUNT TOTAL.S 59648000.00 33551999.75 


ENERGY™CbN¥^^RTER 

11. 1 ETEAH turbine GENERATOR 1.0 

' 6AS TURBINE GENERATOR 4.0 

TAL TURB-6EN 8, ~ 

LIQUID HETAL drum 4.0 

5 LIQUID MET RECIRC PUMP 4,0 

G LIQ MET HOT LEG PIPING 2000. D 

7 LIQ MET COLO LEG PIPE • 1300.0 


il. 

JJU 

XI. 

11 . 

11 . 

11 . 


19700000.00 

7200000.00 


1255014.50 

1S7GD0D.00 


11- 9 LIfl MET CO HDEMS ATE F’USF 4,0 

11. 3 LIQ MET INVENTORY 1,0 

PERCENT total DIRECT COST IN ACCOUNT 11 : 


GSDOOD.DD 35D0D.DD^ 

215000.00 17200.00 

2330.00 780.00 

310.00 _ 1G4.0G 

■45ODO6TB0"' " 36000.00 

675000.00 13500-00 
:25.963 ACCOUNT TOTAttS 


13700000.00 
28800000-00 

leoocoo^^ 

860000.00 

4660D00.GG 

40 3000.00 
"1800000.00' 

675000.00 

83498000.00 


1255014.50 
6304DOO.QO 
?*32_ 

380000.00 
68800.00 

1560000.00 

„ 1352DJ1,.CUI 

144000 .00 
13500.00 

12020514-37 


COUPLING HEAT EXCHANGER 
12. 1 L M COND-STEAH SEN 
12. 2 HOT VFLL TANK 


HEAT. R ECP.VER r HcAJ .EXta. 


13. 1 GaS-AIR recuperator 
13. 2 EC0N0MI2ER 


EA 

4.0 

IGIOODO.OO 

63DDDD.CG 

6440000.00 

27GD00D-0D 


4.0 

725000-00 

IIODDC.CD 

290D0C0.CD 

-45-0. 0£g ,110- 

account 

12 = 

3.409 ACCOUNT 

TOTAL,* 

■9340000,00" 

3200000.00 

EA 

To'" 

.00 

.00 

.00 

Too" 

EA 

.□ 

.00 

.00 

.00 

.00 

; EA 

.0 

-DO 

.00 

.00 

.00 


-1-0. 


■-Hl!S-8«mT4!»SErf^Haa86B-,8a -S88^;88- 


^■ »yre».Tm:AT|ic»T 

l4. 1 DEMINERALIZER 


fiPM 


115.3 

14. 2 condensate POLISHING KWE 720600.0 
PERCENT TOTAL DIRECT COST IN ACCOUNT 14 = 


25bO.OO TOC. 00 

1.25 .30 

.404 ACCOUNT TOTAL. S 


288239.99 

300743.98 

1188983-37 


80707.20 

216180.00 

296887.20 


15. 2 WET NAP TURO TRANSFORMER 




.00 

il2iL 


.00 


15. 3 Gas TURB TRANSFORMER 356277.8 .00 .CO 

PERCENT TOTAL DIRECT COST iN ACCOUNT 15 = 2.359 ACCOUNT TOTAL,* 


1S9434'».28 

■4S07163.12 


2545736.06 

8647246.37 


31886.95 

=^._632«7A-. 


.00 

32524.68 


Table A 8.3.1 Continued 


RA»4K1NE metal vapor TgPPiNe-STEAK CYCLE 

parametric point no. 1 


ACCOUNT NO. £. KAKEt 


UNIT 


AMOUNT mat S/unit 


ACCOUNT LISTING 

INS S/UNIT HAT COSTfS INS COSTtS 


AUXILIARY MECH EQUIPMENT 


16. 

1 

30ILER FEED PUMP eDR.KWl 

3 • G 

1.67 

.10 

1143231.87 

--16... 

7 

OTHER PUMPS KWE 

. 5S4UCC.0 

- .38 

. ,.12-, 

5Q19 2D J3D 

IS. 

3 

MISC SERVICE SYS KWE 

1140000.0 

1-17 

.73 

1533800.00 

16. 

4 

AUXILIARY BOILER PPH 

.0 

4.00 

.30 

-CO 

16. 

5 

LIQ MET RECEIVING-PROC 

l.C 

.6200000.00 

2000000.00 

6200000.00 

,1G. 

6 

LXQ_JIET STORAGE TANK-. £A 

_ . 4^ . 

13011D00..D,a 

. ISflOOC.CG. 

..520HB00.CQ 

Id* 

7 

LIQ MET IMPURITY MONITOR 

l.C- 

ODDDOC.CC 

25C0aC.DE 

8D0D0G.DD 

16- 

P. 

COVER GAS SYSTEM EA 

l.D 

17D0DDD.rD 

4CDC0r.PC 

17CDDCG.CC 

16. 

3 

LIQ MET DUMP TANK EA 

4.0 

570000-00 

35000.00 

2280000.00 


,PEi?G&NT^T.QTAL direct CQSJ IN ACCOUNT IE = C.47R ACCOUNT JOTALrf.,. lSj2.58951.J5 . 


53457. OG 
82C.se. OC 
S32199.99 
.00 

2000000.00 

6GQGCCL.QC 

230000.00 
40CCG0.0C 

544000.00 
5576738.94 


PIPE 8 FITTINGS 

JLIi-l^CO.fUtEHIIPNAX .PIEIN5.. Tqm X3J0.iiCL. 

17. 2 HOT GAS PIPING EA 4.0 

17. 3 STEAM PIPING 8 FITTINGS .C 

PERCENT total DIRECT COST IN ACCOUNT 17 = 


AUXILIARY ELEC EQUIPMENT 

13. 1 MISC MOTERS.ETC 1140Q0C.0 

_ IS. . 2: .SWrrcKGEAR - £_MCC- PAN. KM£_ ._LLftCQBH.D. 


. .. .30iin.JlD 1.8DQ*0il._ftllQfl0r[*0.0 

22DCCOO.OO .DC £300000-00 

.00 .PC .00 

4.17S ACCOUNT TOTAL. S 1221DD0C-CC 


1.40 
,1.SS 


.17 159S0DO.DO 
-.45 ??7Tnnn.n n 


24,G6DOO.«QO. 

.00 

.00 

24GGCCC.DD 


133800.00 
. -5130 no.. DO. 


13. 

3 

CONDUITi 

CABLEStTRAYS 

FT 

49300CG.D 

1.32 

1.35 

5507533.34 

8704799.94 

18. 

4 

ISOLATED 

PHASE BUS 

FT 

17CC.D 

51D.GD 

4EC.0Q 

3E7C0G.CD 

7S500C.00 

18. 

5 

LIGHTING 

S COMHUN 

KWE 

1140000. D 

« 35 

.43 

395000.00 

43C20C.0D 


_1B.-J5_U1..LEAK_ DETECTXOfi SXS.£A _I.JQ 

18. 7 LH trace heating SYSTEM 1.0 

PERCENT total DIRECT COST IN ACCOUNT 18 = 


25Ccno.D[:.....zDoccD.na. 
2500000.00 2000000.00 
S.852 ACCOUNT TOTAL.* 


. . .25aaaa«aG 
2500000.00 
14342599.87 


-200000.00 . 
2000000.00 
10866799.75 


CONTROL. INSTRUMENTATION 

13- 1 COMPUTER EACH l.C 

IS. 2 OTHER CONTROLS EACH l.D 

T._TOX&L-_OIRECT. COST .IIL-A£0QUNT._13 _= 


SbOODQ.OO ISDDO.DQ 
125CaCD.00 775DCC.0C 

- .,73.4_AOCa'JNT...talALjr.S.. . 


860000.00 15000.00 

125C0DD.DC 774080. OC 
■131GC0IL..aQ.. 78900.0.110 


’ PROCESS WASTE SYSTEMS 

ZCU-l-BQ.IIfliLASH 

20- 2 DRY ASH 
20. 3 WET SLURRY 
20- 4 ONSITE DISPOSAL 


-TPJi 

TPH 
TPH 
ACRE 


.0 -.DU- 

48.0 2727851.06 
254.3 B7C8132.31 
875.0 5128.87 


_JDQ_ 


JLD_. 


SS1907.77 2727831.06 

lS77C33.re 67C8132.31 

^ ^ 7365.19 4489103.44 

PERCE NT TOTAL HIR£CT XQST JIN ACCOUNT 20 - 6.233 ACCOUNT TOTAL.* 1322ii6£6 «.75 


-HD. 

681907.77 

1677033.08 

6886791.06 

92 . 457 , 31 . 82 . 


STACK GAS cleaning 



21. 3 MISC STEEL 8 DUCTS .0 .00 .00 

PERCENT TOTAL DIRECT COST IN ACCOUNT 21 = .OCC ACCOUNT TOTAL.* 


uGO 

.CC 

.00 

.00 


P - 

i:.’ 


.DC 

.00 

.00 


TOTAL DIRECT COSTS.* 


269573120.00 98227531.00 
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Table A 8.3.2 


RANKINT KTTAL VAPOR TOPPIMG-STTAM CYCLE COiT OF 
. . J>ABAJi£TSIC PPINX. Kd- 1- 


rLECTRICITYf KILLS/KW.HR 


ACCOUNT 

TOTAL DIRECT COSTS .5 
INDIRECT COSTtS 
_PP.QF S aWNER. COSTS t$ . 

contingency cost»s 
SUB total. S 
ESCALATION COST.S 
_ XNIRESX _DU.RXN 6 CONSJ.S_ 
TOTAL CAPITALIZATION.S 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
_ -toy . HFl. ELLEC-CP e MAIN . 
^TAL COST OF ELEC 


RAJTE._ 

PERCENT C.GD 
.0 325Z736C3. 

51. C 2S35C2'<3. 

c.c ,2&j:2ice3. 

3.5 3D3Q0392. 

.0 «11C55273&. 

e.S 113026815. 
, irUD 135P-A1 122. 

•C 5S052D723. 
IB.D 1S.412S7 
.0 8.G31CG 

,.D l.eB2S2 
.D 2B.3S33S 


LABOR JlftTEr. ... 

8«SC IC-SO 

2«;8‘4‘»C47S. 367SCCE4S. 
4D171352. f.CD3SC4Q. 
Z7S752S8., 23432GE2.. 

33101845. 343505G1. 

44S5P83C8. 4B237929G 


15.00 21. 50 

402674340. 4BSS082C4. 
70890522. 101603832, 
.326S3247. 27512656. 

33824062. 4454S279. 

551D829G0. G52577DZ4. 


123773G30. 13280D355. 151713343. 17965707- . 
143361322. .16033316.2. J.eiai543D .. 217GE916C. 


723324352. 77S073403 


20.17138 

3.0S10G 

1.8B232 

30.11527 


21.64255 

3.03105 

1.862.32 

31.58645 


8CSB13732.1Q4990325G,. 
24.72504 29.27370 

3.D31Q'G ■ 3.08105 

1.8E282 1.86232 

T4.G6893 33.22259 


TOTAL DIRECT COSTS* S 
INDIRECT COST*S 
P_ROF S OWNER COSTStS 
COiffTlNGErMCY COST.* 

SUB TOTAL.* 

ESCALATION COST.* 

INTR EST DURIN g CONST, * 

ToTal cAPiTAElZATipr;.* 

COST OF ELEC-CAPITmL 
COST OF ELEC-FUEL 
__CQSI_OE HLEC-OF 8 . MAIN 
toTal co^ of elec 


RATEjl. . . . £ 

PERCENT -5.CG 

.0 357900543. 

5CD36C4D. 
29432C52. 
-1833SC32. 
4290337G4. 
118114S33. 
10,0 _ 143105S63. 

' " ".'G ■69DZ533S8. 

13.24914 
S.C81C6 
. 1..86232. 
25-19303 


51.0 

8-0 

2c;o 

.0 

6.5 


13-0 

.0 

-.0 

.0 


:aNTTNE£WCYj 

.OC 

3673QDG43. 

50D3G040. 

23432D52. 

0 . 

447428736. 
123178326. 
1432.412.3J),. 
719848344. 
20.07446 
3.08105 
1...3 62.82 
30.01335 


PERCENI.. . . 
S.5D 

35730064-3. 

5CGSGD40. 

23432G52. 

3495C5S1. 

432373236. 

1328DC955. 

16Q33S1G2_,.. 

776C794C3. 

21.64256 

8.C81CG 

1.85282 

31.58645 


5.GG 

5673GD643. 

5CDS604C. 

23432052. 

18395032. 

465823768. 

128243152. 

155327012. 

749443928. 

20.83373 

3.08106 

1.SG232 

30.84367 


20 -GO 

3E73GG643. 

5CCS6D40- 

23432052. 

7358G123. 

521003864. 

143435S30. 

173784178. 

8^8228864. 

23.37573 

8.C81DG 

1.86232 

23.313S1 


—AEJCmULI. 

TOTAL DIRECT COSTS.* 
INDIRECT COST.S 

PRO F 8 owner COSTS..*. 

CONTINGENCY COST.S 
SUB TOTAL.* 

ESCALATION COST.* 
IHT REST DURING CQN5 Ij 3L- 

total capitalization.* 

COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
___COSI.i)E ELEC-OE & MAIN 
TOTAL COST OF ELEC 


.. RATE. 

PERCENT 5.CC 
.0 387300643. 

51. C . SCG3GD4C. 

. 8.C, .,2343.2052. 

9.5 34950561. 

.0 482379236. 

.C 93G8574D. 
lOJl -1S36Z41CE., 
.0 735639144. 

18. C 20.51C20 
-0 3.C8106 

. .G . 1.86282 

.D 3D.46G03 


ZISCALAIIOR fiAIEi. .HER CENT. 


6. SC 8.00 IC.OC .00 

3673QC643. 3S73CCS48. 367SDCG48. 3^:7900648. 
5CD96D4G- 500SG04G. 5DD9S04G. 5QC36C40. 

2S432C52. 294.32052.. 22432C52, 23432052. 

34950561. 34350561- 34950561. 34950561. 

432373236. 432379296. 432373236. 452373296. 
132300355. 167439392. 216332638- C. 

16D8S3X&2.. lEa45E5E2. 1709aG.7S2...X313084ei. 
77G0734G3. 813335736. 377693744- S1363777S. 
21.64156 22.82CS7 24.47643 17-11334 

3.08106 8.08106 8.DS106 3.C8106 

i. 86282 L.EG282 . 1-862.82 ,. 1.86282 

31.58645 32.75485 34.42031 27-05733 


..account .. 

TOTAL DIRECT COSTS.* 
INDIRECT COST.S 
pjOF 8 OWNES COSTS.* 

CBRTlNeOi'CY COST.* 

SUB TOTAL.* 

ESCALATION COST.* 

IM.TRE6T_J1URING_ qoN5Tt*_ 

total capitalization.* 
cost OF ELEC-CAPITAL 
COST OF elec-fuel 


.. HATE. -- . . 

PERCENT 6.00 

.0 367300643. 

5DD96D'’fO. 
23432052c 
34950561. 
482379296. 
132SD0355 


_ -INT .DURXN9-CJNSI^PERCE N T- 


51.0 
3.0 

9.5 

.0 

6.5 

.c 

18.0 

. 0 . 

.0 


.00 
36790C643- 
5GC'’G04C. 
23432052, 
3495G561. 
432373296. 
13280G955, 


ID. DO 
3G79DDG43. 
500^6040. 
23452052. 
34350561. 
43237S2SS. 


12.50 
367300S43. 
50C36G40. 
Z3432052. 
34S5Q561. 
482379296 


. 32726337.. J.25J..4 3246. 
7C73C724C. 7413294S3. 


19.74144 

S.C81CG 

L.36232 

23.68533 


20.57343 

S.CS106 

1.86282 

30.61738 


132800955. 132B0QS55. 
160839X62. 2C6271256. 
776D734Q8. 8214515G4 . 
21.64256 22.3C786 

8.081CC 8.C81D6 

1.S62S2 1-86282 

31.58645 32.85174 


15 -GO 
3G790G643. 
r.DCSBC4D. 
23432052. 
34950561. 
482379296. 
132600955. 
2538766.64.. 
8GSC56912. 
24.23543 
S.C810S 
1.86282 
34.17932 



Table A 8.3.2 Goatinued 

RANKING HT-TAL VAPOR TOPPING-STEAK CYCLE COST OF ELICTRICITYt HILLSAKU'.HR 

PARAKETRIC POINT NQ. X. - 


A CCOUNT 

TOTAL DIRECT COSTS .S 
INDIRECT COST.S 
.JBRDF X. OWNER COSTS 
contingency COST.S 
SUB TOTAL.S 
ESCALATION COST.S 
thtpf<:t ntiRTMfi cnNSinS- 
TOTAL capitalization. S 
COST OF elec-capital 

cost of elec-fuel 

__CilST OF .elec-op & HAIU 
TOTAL COST OF ELEC 


^ATEjr 

PErCOT 


.c 

31.0 

e.c 

0.5 

.0 

5.5 
, ID.a- 

.0 

25. C 

.0 

.C 

.0 


scoaso'io- 

. 2:3R32CS2. 
T43305S1 


50D95040, 
23432052 • 
343505E1. 


F CJHA.R5 F J? ATE » i> QI 

re.CC 14.40 13. CG 

3S7S0CG48. 3679PC648. 3e7SGGS4S. 

5CD95D4C. 

2 245205.2.. 

3495DS61- 

482373226. 482379255. 482373256 
132800955. 132300355. 132300955. 
iK nugoi 67- 16na33ir»7..-J.6D893162> 
T760794C3. 775079403. 775079408. 
12.02355 17.51405 21.64256 

B.C31G5 8.QB1D6 . 8.03106 

1.8E2C2 i^aozaz „i.a62a2_ 
21.96753 27.25734 31» 58645 


21. oD 

267SDCG48. 

50096040. 

23432C52. 

34350561. 

4S2379296. 

132800355. 

16P8B3162. 

776073403 

25.97108 

3.DS106 

..L.56282. 

35.91496 


25.00 
367300648. 
50096C4D. 
2S432C52. 
34950561. 
482379296. 
132800355. 
160 B993_62.. 
77SG73403. 
3C .05912 
8.08105 
.1.06232 
40.00300 


TOTAL DIRECT COSTS»S 
INDIRECT COST.S 
PR OF .S. ,0 WNER CD SI5-* S 
CONTINGENCY COST.S 
SUB TOTAL.S 
escalatco k 

^’AL CAPITALIZATION.S 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
„ _j:DSrj2E.. ELECrOP, S_JiAIN 
? TOTAL COST OF ELEC 


- RATE. 

PERCENT .EC 

.0 357900643. 

51.0 5CC96C4C. 

3.0 23452052. 

3.5 34950561. 

.0 482373296. 

6.5 132800955- 
.. . IQ. Q_ .1E0,8 33162. 

.0 776079408. 

19nO 21.64256 
.0 4.75357 

. .,Q 1.36202 

.0 28.25835 


_EUEL. XOS-T . -i/10J>.»G_.EIU_ 


.85 l.SO 2.50 1.02 

36790GG48. 3S73D0S48. 3S73DDG48- 367900643. 
5DD96G40. 5DGSG04C. SCDS6C4C. 5CCS6040. 
29432032. .234321152. ...29432052.- .. 23432052. . 

34350561. 34950561. 34950561. 34350561. 

4S23792SS. 482373296. 482379296. 482373295. 
1328DD355. 13280C3S5- 132800955- 13280C955. 
160399162. 'i r^TiSqQ I F7. 16039916 7. 160899162. 
775G7E4C8. 776C7340S. 776073408. 776073408. 
21.64255 21.64256 21.64256 21.54256 

8.08106 14.2GC7F 23.76783 5.62728 

1.8-6282.-.. l.aSZ82 ..l.DGZaZ 1.86282 

31.58645 37.76609 47.27322 33.20266 


A-CCOUMI 

TOTAL DIRECT COSTS »S 
INDIRECT COSTrS 
_J:RIIFS-..0WKER ...COSTS rS 
CONTYNGENCY Cosris 
sue TOTAL.S 
ESCALATION COST.S 
IMTRES T DiiRIN6,-C0N5rji$_ 
TOTAL CAPITALIZATION. S 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
_COSJ_J}F_-Ei.EC.-^P &- HAIN 
TOTAL COST OF ELEC 


. -HAIEli 

PERCENT 12.00 


-CAPACXII_EACTQiL._ PEROENI-. 


45.00 50.00 65. DO 80-00 

.0 367900648. 367900648. 367300548. 36730CS48. 367900648. 

51.0 5009GD40. 50036040. 5DQ9CD4G. 5C03G04D. 50096040. 

а. C -2SJ32G5Z,, 25.t320.S2.. -_23-432Q5.2.-.2S.43205 Z.l .23432052, 

9.5 34350561. 34950561. 34350561. 34S505G1. 34950561. 

.0 482379296- 482379236. 482379296. 4B2373236. 482379296. 

б. 5 1328D03S5. 1323DD955. 132300955. 1323Q035S. 132800955. 

10.0 16 09 93162.-_1 60S 9916Z. -JLEOaaSlEZ... 1608 39162. _IED.899ie 2 .. 

.0 7760734C8. 776079403. 776079403. 776073409. 77GD794CS. 

18. C 117.23055 31.26143 28.13533 21.64256 17.,5845§ 

-0 8.03106 3.D310S 8.0810S 8.08106 8.D8105 

.0 _.5.11189 . Z.OZAaB—-- 1.3J41S__ -.1.86232-^ . .1-7.8S21 

■ .0 123.42350 41.36752 38.19054 71.53545 27.45386 


Table A 8.3.3 


RAWKIKC ?1£TAL i/APCR TCPPING-STiiAH CYCLC 


ACCOUHT NO 

4 

7 

e 

1% 


20 

totals 


AUX POWER. KHF' PERC PLANT POW ! 

_ . e .^ 37 itC __ . 

7.23D61 1G.976B7 

11.97123 15.02377 

.OODOG .00000 

1D.323B0 li.ift.31J_ 

27.33S13 41.9C931 

SG. 41913 5.8S323 


OPERATION COST KAINTENANC 

. _ S5 .ft ^31C. . _L3: 

H13. 91312 
.00000 
12.«l70SG 

jumoa 

3.7S30S 

143C. 57390 13 


RANKiNE METAL VAPOR TOPPING-STEAk CYCLE BASE CASE INPUT 


— m / KW:-HR * 

ST TORE HEAT RATE CHANGE 

condenser 

QESX6il._£B£SS0.R£.f-XCL-mS,.A 

NUMBER OF TUBES/SHELL 
U. BTU/HR-FT2-F 
HEAT REJECTION 

OFF DESIGN PRES. IN HG A 


ft 930 Dci ; 


12CC .OJICC 
8980.9207 
1.0170 

3.-r»DQQ_ 

7035. S72C 
BOS. 5535 

... 77..00D0 
23.0000 
4.1186 


.. JNEX J»aWEE.. HUE 

NET HEAT RATE. 8TU/KW-HR 


NUMBZfi-JlF..SJi£LLS 

TUBE LENGTH. FT 
TERMINAL TEMP DIFF. F 

. APiRGACKi? F. 

OFF DESIGN TEMP. F 
LP TURBINE blade LEN. IN 


.00000 

.00000 

.00000 

.•DGOCO 

.00000 

.13911 

. .,1133.5309 
9507.1334 


3 - CDOn -. 

G9.50E7 

5.0000 


.15.67Z3_ 
51.4D00 
25. 0 DOC 


U6.Q-Q 2 - 

.000 

3 

,380. 

_ ft_ 

^XIOD, 

.. .i... 

. 6. SCO 

600 

7 

3.5Cr* 

£ 332 

600DOCC.DGO 

c 

3.000 

10 

1.000 

,000 

12 

291.500 

13 

1.000 

14 

.000 

IS 

.000 

,000 

17 

1B7.CC0 

18 

3. ODD 

19 

5.000 

20 

2.500 

,000 22 

25050=000 

23 

.000 

2A 

273EC.caC. 

35 

JIOD 

,000 

27 

ZOCOD.CGO 

28 

20000. GOO 

22 

2600000.000 

30 

.600 

,000 

32 

1370. OQG 

T 1 

.000 

34 

1.000 

35 

725DD^I888 

,000 

37 

1700.000 

33 

1.000 

39 

1.000 

40 

uOQQ -_ft2.. . . 

._.£6Q.aaa.QP!i. 

.4.3 

...15000.000 _ 

.44.. _ 

1250OOD..aDD . 

ftS.. 

. 7.7ftDDD.J30O 

,000 

47 

.ODD 

43 

3. COG 

49 

2.000 

50 

.000 

,000 52 

-000 ? 

5.35C 

4.0DC 

3 

.000 

4 

.ODD 

5 

233D0Q0D.0DC 


5 . ..OCLQ _.7 . ... 1, .0.0.0 

11 4.000 12 2PDC.OOD 

IG 19700000.000 17 -COE 

CO 21 . .OCD 22 S50GOO.GOG 

A _2S 23.3li.530_.22. 730.00.0 

Li 31 -COO 32 675CC0.DDD 

3S 230DDD0.D0D 37 .000 

41 .000 42 .COD 

45 .000 47 .000 

Si' rBOO' “SZ' ■ ■ 1560000. DCs 

56 .000 57 .000 

61 l.DDO 62 4. COO 

m. 15.00110 J3.0.0 62 ..80.D..0Ofij.CD.a_ 


. .. 9.00.C . 
13GO.ODD 
7200000. 000 
95000.000 
3 ia.LDoa . 
.000 
725QG0.GDD 
l.ODO 
.000 
■ .000 
1.000 
62DDDGD.0Q0 
253000.000... 


8 . 000 . 10 . 

4.000 15 

.000 20 

215000.000 25 

1.0ft. ODD 3£L_ 
4. DOC 35 
ilOOOC.DOC 40 
.000 45 

.000 50 

.□DC 55 

ft . 000 so 

2 DDD 0 DD . 0 GD 65 
.1700000.000 TO 


71 

57D0CG.CGD 

72 

36000. COC 

73 

4.000 

74 

220CDC0.DOC 

75 

75 

1-000 

77 

1-DOC 

73 

25DOCD.OOO 

79 

200000.000 

30 

81 

2GDGCCO.GOD 

82 

.COC 

63 

.000 

84 

.006 

,9 5 

8 5 

.200 

S7 

-COC 

33 

.000 

9.3 . 

.00.0 

90 


.000 92 

. 000 27 


.000 35 

.000 IOC 


8-173 


SAKKXNE METAL VAPOR TOPPING-STEA M CYCLE 
PARAKETBXC .POINT HO. 3 


ACCOUNT NO. 8 NAME* 


UNIT 


ahoUnt hat S/^UHIT 


ACCOUNT LISTING 

INS S/UNIT HAj C0ST,S INS COST, S 


SITE DEVELOPMENT 
1. 1 LAND COST ACRE 

1 . 2 CLEARING LAND ACRE 

i-'Y GRADING Land acre 

1. 4 ACCESS RAILROAD MILE 

1- 5 LOOP RAILROAD TRACK MILE 


1,_ 5 S IDING R B„TRACK 
1. 7 OTHER SITE COSTS 


KILE__ 
ACRE 


198. D 
6 E .0 
198.0 

5.0 

5.0 
^ 

.0 


PERCENT TOTAL DIRECT COST IN ACCOUNT 1 ::: 


ICCD.OD 

.DO 

.00 

X15DD0.D0 
X20GDD.00 
125DDD.,.0G_ . 
.00 

,7B-r ACCOUNT 


.00 
SOD. GO 
30 GO. bo 
IIDDDO.OD 
7CD0C.DD 

anqoD-m 

.00 

TOTAL,S 


133PG0.C0 

.DO 

.GO' 

575000.00 

3GOOOD.OO 

-00 

^ ioe '89.52 

15'!9339.52 


.00 

3959S.0<i 

591000.00 

550000.00 
2100DD.00 

. 00 . 

115888.52 

1310185.55 


EXCAVATION 8 PILING 
2. 1 COMMON EXCAVATION 
2. 2 PILING 


YD3 7155D-D 

FT isoaoD.o 
T IN-ACCQOIO_. .2..- 


.00 3.C0 

6,50 8,50 

.702 .ACCHUHT .TillALjta... 


*DG 

1210200.00 

X 2 ia 2 fia.na 


211S50.00 

1621800.00 

-183B1SD.QC 


PLANT ISLAND CONCRETE 
- _3.*_J...PLANT IS. CONCRETE 


YD3 


23450,0 


PERCEN?^*f0^kL^DIRECT'^^0ST IN^ACCOUNl 5° = 


7 D .. C .0 ... _ BC ., ca . 

.QD .00 

,817 ACCOUNT TOTAL,* 


16525X10.00 

issssoolSS 


120 B 000 .OQ 

i9oaooo*8o 


HEAT REJECTION SYSTEM 
1. 1 COOLING TOV/ERS EACH 13.0 

1, 2 CIRCULATINE H2Q SYS EACH l.D 

-3-.,^.^UBEACE CONPENSEF? _ FT_2 .„.3813G5.a 
PERCENT TOTAL DIRECT COST IN ACCOUNT 1 : 


.00 .00 1235500. GO 331500.00 

.00 .CO 1131192. D5 151G785.56 

, . ._..0.Q ,.r.C_ .173a05S.,J3a 266256^.12- 

1.715 ACCOUNT TOTAL, S 1861750.06 2778211.69 


5. 1 STAT. ST.TUCTURA'L St. TON "zT'S'OO.C * 650.00 

S. 2 SILOS 8 3UNKERS TPH .0 1800. 00 

5. 3 CHIMNEY FT .0 

4a~I»^^ 8UCTUE AL^F.EA TUR.ES^E A,CH - - - i. Q_ . 7250DX),jm . 

reRCESrr Total ofRECr cost in account s = 5.31 G accoun 


175-00 X771EDDC.D0 1777500.00 
750.00 .00 .00 

.00 .DO .00 

^£DC-Qj.a£L__.I25flIltL.J[!CL J.560an..B.0 
fXGTAL,* 18170000.00 1913500.00 


"FT3" TSOODDO.O 
FT2 2GQ00-D 

. _ __ FT2 20000,0 

^ERCENT_T0TAL DIEEGT- COST- IN. ACCpjUjtl 6 - . 


1 STAtiON SUilOINGS 

6. 2 AOMINSTRATION 
S- 3 WAREHOUSE 8 SHOP 


.16 .16 

16.00 11. CD 

12-00 8.00 

.176- ACSaVST jmiAJjT— 


IZGQOOO.OO 1200000.00 
32CCG0.00 ZBCOOO.OC 
210Q0Q.0D 160000.00 

.U5.ailOC..ll£L. 1510000.00 


. FUEL HAKDLIHG E STORAGE 

f ?■> 1 r.CAL ha ndling SYS JPii SJ7.*2 -.00 . 

7. 2 dolomite hand. SYS TPH 273,6 .00 

7. 3 FUEL OIL HAND. SYS GAL 2600000.0 -00 

PERCENT TOTAL DIRECT COST IN ACCOUNT 7 = 1.656 ACC0UN7 


TOEL PROCESSING 

is. 1 COAL DRYER g CRUSHER TPH 

' • 3- 2 CftRPtJN IZERS TPH 

- 3 gasifiers ■ ■ TPH 


.0 

,£L 


.00 

, 00 - 


.00 
.00 
TOTAL,* 


,00 

.J?iL 


13£48 X 1^ dB 7 

3579111.31 1610568.86 

230836-01 227826-11 

111S9617-12 6203230.06 


.00 

- J 3. a - 


:SL 


517.2 .00 ,00 90190811.00 50732319.50 

PERCENT TOTAL DIRECT COST IN ACCOUNT 8 =32.175 ACCOUNT TOTAL,* 9D13D811.00 50732319.50 


Table A 8. 3. A Continued 


RANKING METAL VAPOR TOPPING-STEAM CTCLE ACCOUNT LISTING 
. PAg A^EIB r c . P OIN T 


ACCOUNT HO. 8 NAMEt 


unit 


Amount mat s/unit ins */unit mat co: 


INS COST, s 


FIRING SYSTEM 
S. 1 

PFRC FNT XQTAL .JURECT COST INL. ACCOJJNJ. 


.0 .OQ .GO 

9 . = ^j.DQC- ACC.OUgt.TJ)rAL* S _ 


.00 


.00 

.00 


VAPOR GENERATOR (FIREDJ 

lil._l..XR£55_URI ZE SOILEli. 

ID. 2 FLUID BED BOILER 


EA 


ENERGY Converter 

11. 1 STEAM TURBINE GENERATOR 
11. 2 GAS TURBINE GENERATOR 

JLijt_3_iXa.UID_JlEIA.l_ T.URBz:G.Eil 

11. 4 LIQUID METAL DRUM 
11. 5 LIQUID MET RECIRC PUMP 
11. 6 LIQ met hot leg PIPING 
11. 7 LIQ MET COLD LEG PIPE 
11. LIQ met condensate PUMP 
11. 9 LIQ MET INVENTORY 
PERCENT TOTAL DIRECT COST IN 


e .,0 

.0 


4.D 

8tS 

4.0 

4.0 
2DDD.0 
1300.0 

4. O’ 

1.0 


.22C0HQQ,G0. 

.00 




.00 


.00 


S£D00Qa.I]D. 

.00 


COUPLING HEAT EXCHANGER 
12. 1 L M COND-STEAM GEN 


EA 


HEA T RECOVERY HEAT EXCH. 

13. 1 GAS-AXR RECUPERATOR EA 
13. 2 ECONOMIZER EA 

13« 3 GAS FEED WATER HEATER EA 
13. 4 XE£D WATER HEATER STRING 

^ RECENT Total direct cost in a 


14. 

14. 


demineralxzer 


GPM 


2 CONDENSATE POLISHING KUE 


POWER CONDITIONING ^ 

15. 1 STM tURB TRANSFORMER 
_15._2 J!EXJVAP_.TURB TRANSEOi 
15. 3 GAS TURB TRANSFORMER 


.0 
• 0 
.0 

. 1,0 


1107-4 
7153DC.C 


874255.5 

-227*55.£ 

3G4355.S 


: 4.840 ACCDUNT 

TOTAL,* 

175COOOO-DO 

3600000.00 

19700000-00 1257514.48 

13700000.00 

£257514.48 

7100000.00 1S7SOOO.DD 

28400000.00 

6304000.00 

3DJIQ.DQaP-D0 

270000,00 

zjuiciicjjiii..o.a 

2X53393.97 

S25CC0.QC 

90000.00 

250DCD0.CQ 

36DDCG-00 

215000-00 

17200-00 

860000.00 

68800.00 

1820.00 

B3C.00 

3640000.00 

1260000.00 

310.00 

J.04.0C 

403000.00 

135200-00 

■4SDOO0.0O 

3'6000.0D 

i&oc"ooa.DC 

144000.00 

665000.00 

13300.00 

665000.00 

13300-00 

:21.387 ACCOUNT 

TOTAL,* 

81968000.00 

I17C2814.37 

IGIDOOD.DD 

690000.00 

6440000.00 

2760000.00 

: 2rii§^S6B^U>fT 

110000,00. 

TOTAL,* 

23D0DDCUDC 

9340000.00 

A4DOOO.OO 

3200000.00 

“Icc 

■.CO*' 

Vg6“ 

.00 

.00 

.00 

.00 

-DO 

.00 

.00 

.00 

-DO 

1500000.00. 

45DO,C..QO 

ISGOODa-OO 

45000.00 

.353 ACCOUNT 

TOTAL,* 

150OODD.OO 

45000.00 

2DaD'.00 

's'? 6.00" 

22^14324-53 

520150.87" 

1.25 

.30 

894125-DC 

214530 .DC 

.900 ACCOUNT 

TOTAL,* 

3108949.53 

834740.87 

.00 

.00 

1586509-13 

31730.18 

..DO 

X30. 


- . . £34^0 

.00 

.GO 

2556236.19 

.00 

: 1.382 ACCOUNT 

TOTAL,* 

8647246.50 

32354.79 



Table A 8.3.4 Continued 
RAKKIN 


KETAL VAPOR TOPPING-STEAM CYCLE 

.. parametric point 


ACCOU.NT LISTING 


ACCOUNT NO. E NAME* 


UNIT 


AMOUNT mat $/UNIT INS S/UNIT MAT COST*® INS COST** 


AUXILIARY KECH EQUIPMENT 
IG. 1 BOILER FEED PUMP 8DR.KWE 
16. 2 OTHER PUMPS _ KUE 

lit 3 MISC’ service SYS KWE 

A AUXILIARY BOILER PPH 

5 LIQ met RECEIVING-PROC 

STORAGE-IANK - . £A. 
LIQ MET IMPURITY MONITOR 
COVER GAS SYSTEM EA 

LIQ MET DUMP TANK EA 


16. 

16 , 


16, 

IE. 

IS 


573535.0 

684GDC,D 

114DQ0D'.0 

.0 

1.0 

,_4..0., 

1.0 
l.D 
4.0 


1.67 

,83 

i!xr 

4.00 

6200000.00 

13IU1CDI1.DXL 

300000.00 

170DD0Q.DD 

570000-00 


.10 

, 12 _ 

.73 

.80 

20D0DDC-00 


1134323-44 

_5C132C.CC 

1333800.00 

.00 

6200000.00 


i 5 noaa - iitL __ 52 noiiaii.cn 
25gOQO.OD SDDOnO.OO 
-DOC. .00 llOCOCOoDQ 


4CDI 
86000-00 


2230000. CD 


PFRCFN T TOTAr OTRECT COST IN ACCOUNT 1E..= S.44C ACCOUKT _TQIALjrS__. 13250542*25 


G73S3.50 

82080.00 

332133.93 

.00 

2000000-00 

OQDQOD.Oa 

ie8888:88 

3440DD.D0 

457E233.44 


ll!^l^Co 5vFNyfoM AL PIPING JON ... JLELm.0 JODtUOD _ .13Q0»aCL„ 5520020-00. 

17. 2 HOT GAS PIPING • EA 4,0 2DCGDGD.GG .00 8D000G0-0G 

17. 3 STEAM PIPING 8 FITTINGS .0 -00 -00 ,00 

PERCENT TOTAL DIRECT COST IN ACCOUNT 17 = 3.514 ACCOUNT TOTAL,* 12620DQQ.CQ 


AUXILIARY ELEC EQUIPMENT 
18. 1 MISC MOTERStETC 

■2.HI TC HGFAR S. BCC .EA?LKI1£ . 

3 CONDUIT, CABLES, TRAYS FT 

4 ISOLATED PHASE BUS FT 
_ LIGHTING S COMMON KWE 

_I8.,_6JJ(LJLELAK DETEClIQN SYS EA 
18. 7 LM TRACE HEATING SYSTEM 


1140000.0 
.JJ.4QaC0.Jl- 

4930000.0 
1700. D 

1140GD0.G 
. l-Q. 
1.0 


PERCENT TOTAL DIRECT COST IN ACCOUNT 18 = 


1-40 -17 159EDOD.OO 

JL-3S 2 225000-00 

1.32 1-36 6507599.94 

510.00 45C.DD 867000.00 

.35 .43 393000.00 

25aGOD-00._... 200CDO-00_ 250000,00 
2500000-00 2000000.00 2500000.00 

5.756 ACCOUNT TOTAL ,* 14342535.87 


2772000-00 

.00 

.00 

2772000.00 


133800.00 

6704793^94’ 

7S5DDG.0D 

490200.00 
2DDDOO-DD 

2000000-00 

108B679S.75 


CONTROL* INSTRUMENTATION 

19. 1 COMPUTER EACH 1.0 

19. 2 OTHER CONTROLS EACH 1.0 

PERC ENT TOTAL JlIRECT. CQST._IH. .ACCOUNT. 13 J 


660000-00 150GC.DD 660000.00 15000.00 
1250CGC.0D 774CQD.0G 125CD00.DD 774DGC.00 
- . £16.ACCJ)UNl..TJIALtS 1310000-00 759000-00 


PROCESS HASTE SYSTEMS 

20. 1 RQTTOH ash - JPJl -fl 

20. 2 dry ash TPH 49.6 

2C. 3 WET SLURRY TPH 273.6 

20. 4 ONSITE DISPOSAL ACRE 363-5 

PERCENT, tota l DlRECr-CPST IN. ACj^NI 20- = 


— DO - . — — —00 — OO - _ ..— 00 . 

2804410.69 701102.67 2804410.63 701102.67 

6945489.19 1736372.30 6945489.13 ’736372.30 

5131.90 7873-33 4462321.12 146066.81 

-0.-3£J-J!iCJiaJlNX -la lAL, S_ J5Z12221-CC . 33541.75- 


STACK SAS^C^EAN^WG XA£H_ 0 

21. 2 SCRUBBER ----- 

21. 3 MISC STEEL S DUCTS .0 

PERCENT TOTAL DIRECT COST IK ACCOUNT 21 = 




21.72 9.96 

.00 .00 

.000 ACCOUNT TOTAL,* 


J10.. 


.00 

.00 

-CC 


-no 

.00 

.00 

.00 


TOTAL DIRECT COSTS,* 


318434380.00 119554747.DD 


Table A 8,3.5 
RAnKINE 


HETAL vapor top ping- steam cycle cost of ELECTRICiTYf MILLS/'KU.HR 
. PARAME.TRIC.POINI ISlO.3- 


account 

TOTAL DIRECT COSTS »S 
INDIRECT COST.S 
EROF S OWNER COSTS »S 
'ceNrrNGENrcY coSTis 
SUB total »S 
ESCALATION COST.S 
-IKIREST.JiyRXNfi CCiiS-LrS 


TOTAL CAPITALISATION fS 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 


BATE, 

PERCENT S.DO 

.0 3881C687S. 

51. D S'JBIZBTI. 

3.C 30888550. 

“a.S' 3SBSD1S3. 
.0 483188543. 

5.5 1344DD2E4. 

. 10_.C. . ,15^83.5856. 

.0 735425664- 

13. C 21.63633 

.0 3.33370 

.0 1,9635 

.□ 31' 3935. 


LABOR _RATEf . «^,R 


3.50 


10.60 


414303748. 437989124. 


48393373. 

33144300. 

‘39358855. 


60972320. 
35033129. 
18966. 


13.00 
487615624. 

86282434. 
. 39009242., 
46323484. 


21.50 

560927496. 
123671488. 
44874199. 
3233111. 


4160 

535700272. 57561D136. 65323B7B4. 782761280 
147480434. 158457778. 181438873- 215497320 
13J.99£t50a 


17_868_4544, 
861865248. 
23.60787 
8.33370 


i d:im 


213888544 » 261092536. 
926074520. 1D6C6C8200 -1259351136. 
25.58156 29.29787 34.78788 

8.33370 8.3337D 8.33370 

1.36351 
33,5352s 45,08509 


ACCO UNT 

TOTAL DIRECT COSTS,! 
INDIRECT COST,! 

PROE S OWNER COSTS,! 
CONtlHGEHCY COST,! 

SUB TOTAL,! 

ESCALATION COST,! 

rHTRE.ST_JIURIKG CQNSTfl 

TOTAL CAPITALIZATION,! 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
_«)ST^ OF. FLEC-OP. S^MAI.N 
m TOTAL COCT OF ELEC 


RATE, 

PERCENT -5.00 
,D 437989124. 

51.0 6097292D. 

8.0 35033129. 

20. C -21893456. 
.0 512101716. 

6.5 140383656. 

10.Q...17JCL81317.0, 
.0 823893536. 

18. 0 22.75909 

.0 6.33370 

.0 1,96351 

.0 33.05623 


CONTINGENCY, 

.00 

437933124. 

60372320. 

350331Z9t 

0 . 

534001172. 
147012664. 
178117.804. . 
353131632- 
23.73235 
8.33370 
, 1.3GJ51 
34.02956 


PERCENT 

3.50 

437989124. 

60972920. 

35039129, 

41608366. 

575610136. 

158467778. 

1913366Ha.- 

32GG74520. 

25.58155 

8.33370 

1.96351 

35.87877 


5.00 


20 .00 


437989124. 437989124. 
60972920. 60972920. 


35033123, 

21333456. 

555900624 


35033129. 

87537824. 

621598992. 


153041672. 171128636. 
JL85422436- iD7336338u. 
834364728. 10DOD640Z4. 
24.70562 27.62542 

8.33570 8.33370 

1.96351 1.36351 

35.00283 37.92263 


P ^ 

O Kj 
s->) t-- 

K.' !■ '} 


AC COUNT _ 

TOTAL DI'^FCT COSTS,! 
INDIRECT COST,! 
„_ERD.E‘- e . OWNER COSTS,! 
CONTINGENCY COST,! 

SUB TOTAL,! 

• ESCALATION COST,! 

; IKIREST OURIJHG COKSTiS , 

T^AL CAPITALIZATION, i 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 

C0STJ3E ELEC-QP .S MAIN 

TOTAL COST OF ELEC 


ACCDUAT. , . 

TOTAL DIRECT COSTS,! 
INDIRECT COST,! 
__RRDEL.S- OWNER .COSTS,! 
CONTINGENCY COST,! 

SUB TOTAL,! 

ESCALATION COST,! 

-XN TRE5T DURING CONST,!. 

TOTAL CAPITALIZATION t$ 
COST OF FLEC-CAPITAL 
COST OF ELEC-FUEL 

C.QSJ,OF ilLEC -OF 3 MAIN 

TOTAL COST C ELEC 


...RAIEa,. 

PERCENT 5.00 5.50 

.0 437989124. 437983124 

51. G SQ97292Q. “ 

8.G_ 35039123. 


XSCALAIION .RATE., .iERCENI 


8,00 


10,00 


437989124. 437989124- 
50972920. 50372920. 


g.s 

.0 

.0 

. 10>,0.. 

.0 

IP.D 
.0 
. .0 
.0 


60972920 

35033123. 35033129. 35039123 

. 41608365. 41508965. 41608965. 

575G1D13S. 575510136. 575610136. 575610136. 
118952302. 158467778- 199873080- 258143944. 
iS3315482.. 131396608. .201014.638,. 2135BCH5I1. 
877877912. 92SD74520- 576437848.1047334120. 

25.58156 26.97444 28.93113 

8.33370 3.33370 8.33370 

1.96351 l.S6351_. . JL.963S1 

35.87877 37.27164 39.22840 


41S083S6- 


24.25013 

3.33370 

L.363S1 

34.54740 


.00 

437983124. 

60972320. 

35G39123. 

41603366. 

575610136. 

0. 

156696850. 
732236334. 
20.22872 
8.33370 
1 .36351 
30.52592 


RAXE 
PERCENT 
.0 
51. C 
9.0 
9-5 
.0 
6.5 


S.DO 


INT DURING. CL0MSX«P£RCENr- 


8.00 


437939124. 437939124 
60972920. 60372920 


35033129. 

41608366. 

575510136. 

158457778. 


10.00 12.50 15.00 

437389124. 437389124. 437989124. 
60372320. 6C37232D. 60972920. 

350391Z9. J5D33129- .35039123. 

416DS96G. 416089SG. 41ED89GG. 

S7561013S. 575G1013B. 575610136. 575610136. 
158467778. 158467778. 158467778. 158467778. 


35033129. 

41608966. 


15. CL 1105^8611, 150.530476.. .191396608.. .246137938. 3D2944L4Q. 


.C 
18. D 

.0 

. 0 . 

.0 


844725520. 884608384. 
23.33443 24.43511 


8.33370 

1.36351 

33.53164 


8.3337D 

1.9S3S1 

34.73332 


926C7452D. 980215808 .1037022048. 
25.58156 27.07714 28.64634 

8.33370 8.33370 3.33370 

.1.96351 . 1.26351 1.96351 

35.87877 37.37435 38.94354 


8-177 


TaBle L 8.T.5 Continued 

RANKINE METAL VAPOR TOPP ING-STCAM CYCLE COST DP ELECTRICITYf MILLS^KW .HR 

PJVRAMZTRI.C POINT NO. 4 . 


-A£C(Q_UNT 

TOTAL DIRECT COSTS .$ 
INDIRECT COSTtS 
_RRCr S. Q WN ER COSTS »$ . 
contingency COST.S 
SUS TOTAL »S 
ESCALATION COST.S 
— JNTRElSLU-imRING CONSX.S 


total CAPITALIIATION.S 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
._CQST. OF _ELECL-OP S MAIN 
TOTAL COST OF ELEC 


. jR»I£.f. 

PERCENT 10. DO 

.0 

.0 

J503 
«»1G0 


-Fj:jl£C...CJiAR6.F..R ATI: »__PCT 


18.00 


51. 
S..D 

9.5 

.C 

5.5 


l«f.4D 

4379BS124. A3738912A. 43792912*1- 
6097292C. G097292D. G097232D. 

35 arsiz 3 ,. 

41503965. 


S75G101Z6. 575610135. 
158457778. . 158457778. 


35033129, 

41508955. 

75510135. 

158467773. 


_LD,D 191335 6DB. 131 aaSSCS^. 19 133550,3 

.0 925074520. 925074520. 32S07452D. 

25. C 14.Z113B 2C.4SE2S 25.53155 

.0 3.33370 3.33370 3.33370 

,0 ..1.36.351 . 1,96351 1,35351 

.0 24,50319 30.75245 35.87877 


21.60 
437389124. 

60972320. 

.35033129.. 

416QS955. 

575G1D13G- 

158467778. 

-191935500, 

32SD74520. 

30.69787 

8.33370 

1.3E351 

40-93508 


25-00 

437383124, 
SD97292C. 
3 SC 3312 9. 
41608956. 
575G1D13S. 
153467778. 
isiaaBsoB - 
925074520. 
35.52995 
8.3337C 
1.96351 
45.82715 


ACCOUNT.. 


FUEL.. CDSIi. sy ID* *5 BIU. 


total direct costs. S 

INDIRECT COST.S 

PROF EJlilNER -COSTS.* $. .. 

COKIjlNGENCY COST.S 
SUB TOTAL. $ 

ESCALATION COST.S 

INIRESI-.ItORIMG .CONSTjiT-. 

TOTAL CAPITALIZATION. S 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
__ClD 5I_J1F. PLEC-ap.-£. JlAIiT. 
TOTAL COST OF ELEC 


_ RAIEj _ . 

PERCENT .50 
.0 437939124. 

51. 0 CC972920. 

_8.Q. .35033123. 

9-5 41GD395G- 

.0 575510135. 

6-5 158457778. 153467778 

_JJ3.Q 131.93.6_60.a. 13193.6508 

.0 326074520. 3Z607452D 

25.58156 
4.90218 
.. _ 1-35351. 


85 

437989124. 
50972920- 
.350.39123- 
41BD8956. 
57551013 


18.0 

.0 

Q . 

.0 


32.44724 


1.5D 

437939124. 
GC37292C. 
350591Z9-. 
41608356. 
575510135. 
158467778- 
13 iaaS 508 , 
326074520. 
25.53155 25.53156 

8.3357C 14-70653 

1.PE3S1 . . _J.-3S2S1, 


2.50 

437389124. 

60372920. 
_ 3 50 3.312 3. 

41608366. 

S7561D136. 


1-02 

437989124. 

GD972S20- 
. 35D39123-- 
416QB966. 
S75S1013G. 


158467778. 158467778. 
19139 6508- 131996508- 
3Z6D74520. 925074520- 


35-37877 


42.25160 


25.53156 

24.51088 

_1,9SE51 

52.05595 


25-58156 
10.00044 
- 1-96351.- 

37.54551 


TOTAL DIRECT COSTS »S 
INDIRECT COST.S 
PR OF S OWNER COSIS_»S. _ 
CONTINGENCY COST.S 
SUB TOTAL »S 
ESCALATION COST.S 
INTRES7 DURIN C C ONST- S 
TOTAL CAPITALIZATION.S 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-OP fi_PAIN 
ToYAL COST OF ELEC ' 


— RAIE * 

PERCENT 12.00 

.0 437989124. 

51.0 60372920. 

- _ 35 PJ 9129 *-. 

9.5 41608366. 

.0 575610136. 

5.5 158467778. 
_ ID-D 191396 608. 

.0 92S074520. 

18.0 133.56679 

.0 3.33370 

- . tC 1 ^. 1352 . 

.0 150.11305 


45-00 50.00 55.00 30-00 

437389124- 437983124. 437389124. 437989124. 

60372320. 60972320. 50972320. S037232D- 

.. 35-0X9129, ._35-DX3129., _X5il391Z3j^ _ .35039129, 
41608356. 41608965. 41S08365. 416G3365. 

575610135. 575510136. 575610135. 575610136. 
158457778. 158467778. 158467778. 158467778. 

325074520. 925074520. 325074520. 9260745201' 
36.95114 53.25503 25.58156 20.73502 

8.33370 3.33370 3.33370 8.33370 

Xrl256£ 1.-2635J 1.88890 

47.41050 43.6S4SG 35,37377 31.00751 



Table A 8.3.6 


rankine metal vapor topping-steam cycle 


ACCOUNT NO 
_ 

7 

8 
lij 

08. - 


AUX POWER»MWE PERC PLANT POW 

e.SR.nSl 1&.0S133. 

7-54857 13.57405 

.00000 .00000 

.00000 .00000 

- _ - 10.23180- 18,503013.. 

28.82114 51.82G35 

55.61032 4.85239 


OPERATION COST MAINTENANCE COST 


20 

TOTALS 

rankine METAL VAPOP TOPPING-STEAk CYCLE BASE CASE INPUT 


55.C5127 

14S3-94225 

4.7EG23 

87-19131 

,0X3000- 

3.C6275 

1G2D.C1379 


:.HB731 
.Docor 
.00000 
.00000 
-.-..COOOD- 
.OCDOC 
13.06731 


HOMINAL-PQNERi MWL 

NOM HEAT RATEt 8TU/KW-HR 
ST TURB HEAT RATE CHANGE 
CONDENSER 

nF«;TBM p pr«;^ii3F. tm jfs a. 

NUMBER OF TUBES/SHELL 
U» BTU/^HR-FT2-F 
HEAT REJECTION 
-JQELSXGN-TEMPt. F . 

RANGE* F 

OFF DESIGN PRES. IN HG A 


.12DD,DCDG. 

9349.3933 

.9781 

3,SnDD. 

6935.3500 

608.3535 

.77.Q0,CC 

23.0000 

2.4136 


KET J>DUEE* M«EL 
NET HEAT RATE* BTU/KU-HR 


XUKBER.aF SHELLS 

TUBE LENGTH* FT 
TERMINAL TEMP DIFF. F 

APPROACH* F 

OFF DESIGN TEMP* F 

LP TURBINE BLADE LEN* IN 


U44.3S37 

9804.3522 


.. 3.13000 
69-5067 
5.0GDD 

IT. 5713 
51.4000 
2S.DD00 


— 1 . 

-12DI1..00U, 

.. 2 

. . -J30D. 

3 

. _365 

4.. 

6 

715.300 

7 

3. 500 

8 

3372000000.000 

9 

11 

1.000 

12 

298.600 

13 

l.DOO 

14 

1 p 

2.000 

37 

198.000 

38 

3. GOO 

19 

.2.1. . 

.ODD 

22 

2335Q.000 

23 

.000. . 

24 

26 

750D00D.DD0 

27 

20000.000 

28 

2C0DD.CD0 

29 

31 

l.OUT 

32 

1540. COO 

33 

.000 

34 

36 

4330000. 00 if 

37 

1700. DOG 

38 

1.000 

39 

9L1 

166000.000 

.42 - 

66OQQO..C0a. 

.43 

.- . ISOOtUflOO 

44 _ 

46 

l.ODO 

4/ 

.DOC 

48 

3. ODD 

49 

51 

.000 

52 

5-350 




1 

3.000 

2 

.000 

3 

220GC0D-D0D 

4 

CD - — ^ JE — 

.000 

7 

1.-DDC 

3 

4.000 

9 

.L 13. 

4-noo 

12 

2000.000 

13 

1300.000 

14 

16 

1370D0CwIS2D 

17 

.000 

13 

7100000,000 

19 

CD 21 

.cCO 

22 

625DD0.00D 

23 

900C0.000 

24 

7 

1820.000. .. 

27 

.. 630.000 . 

.28.. 

. 310.XmD. . 

.29 

31 

.000 

32 

665000. COO 

33 

.000 

34 

36 

230000G.DQQ 

37 

.000 

38 

725000. DDO 

33 

41 

.ODD 

42 

.ODD 

43 

i.oec 

44 

4 6 , 

-.ODD. 

47 

.1300.- 

48. 

.000 

.93 . 

51 

.000 

52 

15DDCDD.D00 

53 

• DDO 

54 

56 

.000 

57 

.000 

53 

1.000 

59 

61 

l.DOO 

62 

4.000 

63 

620CCCO.ODO 

64 

&6... 

150000.000 

67 

800000^0X1.. 

;68 

2Sn00Xl.J30Q. , 

.£3 

71 

57DDOD.DOD 

72 

86000. ODD 

75 

4.000 

74 

76 

1.000 

77 

l.DOO 

78 

250000.000 

79 

81 

20D000D.DOC 

82 

.000 

83 

.000 

84 

86_ 

,900... 

.37. 

.000, - 

aa 

COQ . 

.33 

91 

.000 

92 

.000 

93 

.000 

94 

36 

.000 

97 

.000 

98 

.000 

93 


.. .Doa. 

3. CCC 

4.000 
5-.C0G 

. 27300.000., 

26DOQDO.ODO 

1.000 
1.000 

_.i25DDCD..13QO . 
2.DD0 

45DCGD.DC0 

8.J3DC 

4.000 

.000 

215000.000 
.104,000 

4. DC0 

IIGODO.OOD 

.000 

.000 

.000 

4.000 

20C0Q0D.0C0 

_J.20OOOQ.OOD 

2000000.000 

200000.000 

.000 

.000 

ooo 


10 

15 

20 

25 

3C 

35 

40 

.45. 

50 


ID 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

30 

85 

30 

95 


-OOD IDC 


6.500 

l.COD 

1-COO 

3.000 

-.000 

.600 

1-000 

725000.000 
-7740013.0300 - 

.000 

.000 

M- 

3DD0000-000 

.000 

450000-000 

4-UOD 

-000 

.ODD 

-000 

.000 

1-000 

13CD000-DDQ 

400000.000 

.000 

2500000. DDO 
.000 
.000 
.000 
.000 


■~Tablali"ff.3'.7 


RAKKINE. metal VAPOR TOPPING-STEAH CYCLE 
PARAHETRIC POINT N0.4S 

ACCOUNT NO. £ NAME* UNIT AMOUNT MAT S/UNIT 


ACCOUNT LISTING 

INS $/UNIT hat COST** INs COSTft 


SI-^E development 
1, 1 LAND COST acre 

1. 2 CLEARING LAND ACRE 

■~1. 3'grading land acre 

1. ACCESS RAILROAD MILE 

1. 5 LOOP railroad TRACk MIlE 

-- 1. 5...SIDIN£^R,R TRACK MILE , 

i77 oTher Site costs acre^ 

PERCENT total DIRECT COST IN ACCOUNT 


137-D 
62. 3 
187.0 
5.D 
2.5 

, . 0 . 

.□ 

1 = 


XGCC.OO .00 

•dd enc.cp 

.00 3000.00 

115000.00 IIODCD.OO 

120000.00 70000.00 

1Z5QOO.OJ3 . SDOOQ^D.. 

.00 .00 

.883 ACCOUNT TOTAL»S 


137000.00 
.CO 

' .00 

575000.01: 

300000.00 
... ..DO 

396406.86 

1458406.86 


.00 

37336.26 

561000.00 

550000.00 

175000.00 

.00 

336406.86 

1713803.11 


EXCAVATION g PILING 

2. 1 COMMON EXCAVATION YD3 75150.0 
2. 2 PILING FT 200400.0 

BEECEHT. TflIAL.OjRECI..CJlST IK _ACCOUNl. ..X = 


.00 3.00 

6.50 6.50 

,533 ACCPUNT TOTAL* 


.00 

X302G0D.CD 

J.3D260,Q.,Qa 


225450.00 

1703400.00 

1328850.00, 


PLANT ISLAND CONCRETE 
3. 1 PLANT IS. CONCRETE YD3 25050.0 

"3T 2 SPECIAL ’STRUCTURES YDJ .0 

PERCENT TOTAL DIRECT COST IN ACCOUNT 3 : 


_7D.00 80. DC 17535CD.OO 2004DCD.OC 

.00 ■ .00 ^00 " .00 

1,044 ACCOUNT TOTAL*! 1753500.00 20D400D.OC 


REATTJEJECTroTrSYSTEfr 

4. 1 COOLING TOWERS EACH 13.0 

4. 2 CIRCULATING H20 SYS EACH 1.0 

4. 3 SURFACE CONOENSER FT2 331071.3 

’ 7EHCEHT TOTAL DIRECT COST IN ACCOUNT 4 =2.123 


.00 .00 

.00 .oc 

.00 .00 

ACCOUNT TOTAL*! 


1995500.00 

1130319.83 

1737028.50 

4862848.31 


994500.00 

1515616.03 

266750.23 

2776866.31 


STRUCTURA L FEATURES 

5> r STJnT’STRDCTXiRTTL 3T. Ton' ZTSUQ.D ‘ 

5. 2 SILOS g BUNKERS TPH .0 

5. 3 CHIMNEY FT .0 

5. 4 STRUCTURAL FEATURES EACH l.D 

— PERCEN-rrUTAL DIRECT COST Tn ACCoOnT ’'S’3 


S5Q.00 17S.DC 17745000.00 4777500.00' 

1800.00 7SC.CC .00 .00 

.00 .00 .00 .00 

725000.00 16GD0C.DD 725000.00 1660DC.0C 

G;5DT ACCOONT T8TALri:~ r8470'0QO,OO 4943500.00 


b uild ings 

671 STATrolJ-EOILDINGS TT3' ' TEDTrCDOTB’' 

6 . 2 ADHINSTRATION FT2 20000.0 

6. 3 WAREHOUSE fi SHOP FT2 2C0DD.D 

percent total DIRECI COST IN ACCOUfiT 6 = 


• 1 E ~ ~ITG 

16.00 14.00 

12.00 8. 00 

,945 ACCOUNT TOTAL*! 


12 D 0 CDD.DC 
320C00.00 
24 DODD .00 
1760000.00 


12 DD 0 D 0 . 0 D 
230000.00 
IGDDOD.OC 
1640000. QO 


FUEL handling g STORAGE 

HANOLpg SYS TRH . 42S,,E. 

77^2 dolomite hand. SYS TpR E2S.2 

7. 3 FUEL OIL HAND. SYS GAL 2GC0DDC.0 

percent TOTAL DIRECT COST IN ACCOUNT 7 = 


- -^50 . j.CD„ 5.321X65,13 

.00 .00 3002740.47 

.00 .CO 290836.01 

3.703 ACCOUNT TOTAL*! 9215342.62 


FUEL PROCESSING 

8. 1 COAL DRYER g CRUSHER TPH .0 

a. 2 CARSOMIZERS TPH .0 

8.3' Gasifiers ‘ " Tph ' .d“ 

PERCENT total DIRECT COST IN ACCOUNT 3 = 


.00 .00 

.00 _ . 00 . 

.'00 ' ’ .DC 

.000 ACCOUNT TOTAL*! 


.00 

..* 00 .. 

.GO 

.00 


2317738.03 

1385273.22 

227826.41 

4130832.66 


.00 

.00 

.OC 

.00 



fable A 8,3.7 Continued 

rankine “ETal vapor topping-steam cycle account listing 
_ .parametric point no. ft'j . , .. . 

ACCOUNT NO. fi NAKE» OMIT AMOUNT MAT S/UNIT INS S/UNIT MAT COST** INS COST»$ 


FIRING SYSTEM 
3 . 1 

PERCENT TOTAL DIRECT COST IN ACCOUNT 


*C .00 .00 

9 = .CCD . ACCOUNT_XQTAL»S 


.00 

.00 


.00 

.00 


VAPOR GENERATOR tFIREDI 

10 . 1 


EA 

“EA" 


10 . 2 

PERCENT TOTAL DIRECT COST IN ACCOUNT 10 =2G.3i»5 ACCOUNT TOTAL. S 


_.D _ „„ _.0D 

■«I.O ISlOStrOD.'OO" 


_.S0__. .00 _ .00. 

8531939.87 00672000. CG 3«li27999.5C 
- 6QS72D00.D0 3*H27999.S0 


ENETRCr CONVERTER - - - 

IX. 1 STEAM turbine GENERATOR 
XX. 2 GAS TURBINE GENERATOR 
XX- 3 LIGUID METAL TURB-GEN 

rr:~ii lujuic" METAL TJRUH' 

XX. 5 liquid MET RECIRC PUMP 
IX. S LIQ MET HOT LEG PIPING 
XI. 7 LIQ MET COLD LEG PIPE 
rr. “*^8 ETB MET CONDENSATE PUMP 
XI. 9 LIQ met inventory 
PERCENT TOTAL DIRECT COST IN 


8.Q 
* «f.0 
4.0 

2000.0 

X3DD.0 

4.0 

x.o 


X.O X970DDD0.Q0 
4.0 6000000.00 

30DODDD.OD 
■ SODOOOiOD' 
2X5DDD.00 
2330.00 
3X0. DO 

360000.00 

640000.00 


X203394.25 
XSTSOOD.OO 
27GtLOO.DO 
BcoaoirTo' 
X720G.DD 
780.00 
104-DD 
28800.00 
X280D-00 


ACCOUNT 11 =25.008 ACCOUNT TOTAL.* 


X9700DD0.D0 

24000000-00 

24DDJD00D.D0 

23SODOO.tJ£j 

880000.00 

4660000.00 

403000.00 
14401300- 00 

640000.00 
78063000.00 


1203334.25 
6304000-00 
215S999.97 
3SODOD.OO 
68800.00 
1560000.00 
135200.00 
XX5200.00 
12800.00 
11 3253 94. 12 


COUPLING HEAT EXCHANGER 

12. X L H COND-STEAK GEN EA 4.0 
12. 2 HOT WELL TANK EA 4.0 
' PERCENT TOTAL DIRECT COST IN ACCOUNT 12 : 


1946000.00 834000.00 7784000.00 3336000.00 

675000.00 X1000D.no 2700000.00 440000.00 

3.963 ACCOUNT TOTAL. S 10484060.00 3776000.00 


O pi 

pi ri 




EA' . 0 

13. 2 ECONOMIZER EA .0 
13. 3 GAS FEED WATER HEATER EA 4.0 
13. 4 FEED WATER HEATER STRING 1.0 
“ PERCENT* TOTAL DIRECT COST IN ACCOUNT 13 :: 


.00 ' .00 .00' .00 

.00 .60 .00 ,00 

1042500.00 347500.00 4170000-00 1390000.00 

172DODD.DO 51600.00 1720000.00 51GGD.00 

2- 037 ACCOUNT TOTAL.* ‘58*90000.00 1441600-00 


WATE R tre atment 

TTT.'TL'TJrHXNfR fftrZER * OPH 1'32. 3 

14. 2 CONDENSATE POLISHIHG KWE 82G7DQ.D 
PERCENT TOTAL DIRECT COST IN ACCOUNT 14 : 


■ 25DD.00‘ 760.CO 

1.25 .30 

.474 ACCOUNT TOTAL.* 


■330G79.99“ 

1033374.98 

1364054-37 


32S9C.4D 

243010.00 

340600.39 


w 

o 

K 


POWER CONDITIONING 

15. 1 STM TURB transformer 1010411.1 

J,5. 2 MET VAP TURB TRANSFORMER 214X33.3 
13.' 3 'G*5' TUrB transformer” * ■242122V2' 

PERCENT TOTAL DIRECT COST IN ACCOUNT 15 = 


.00 .00 1751257.33 35025.15 

. -00.. . -iJO 44883.81^5. .700,50.. 

.00 .00 2407607.84 .00 

2.413 ACCOUNT TOTAL.* SG4724S.37 35725.65 



Table A 8.3,7 Continued 


RANKI.NE 

ACCOUNT NO. S NAhE» 


metal vapor toppino-steam cycle 
parametric point N0.<»3 

UNIT 


account LISTING 
Amount mat $/unit ins */unit mat cost, s ins cost, * 


AUXILIARY KECH EQUIPMENT 

IE. 1 BOILER FEED PUMP £Dft.KWE 7853E5.D 1.S7 .10 1311559.5.J 7853C.5D 

IS. 2 other pumps KWE SS'JOOC.O .83 .12 BC1920.DD 82030.00 

15. 3 HISC SERVICE SYS K«E IIAOCCD.C 1.17 .73 13338DD.D0 832199.99 

16. A AUXILIARY BOILER PPH -0 4.00 -80 -DO .00 

IG. 5 LIQ HET RECEI VIKG-PROC 1.0 G30COOC.OO 20GDDD0-DC 6300000.00 20C0D0D.00 

16. 6 LIQ MET STORAGE TANK EA 4.0 1300000.00 150000-00 5200000.00 SQOOCO.OQ 

IG'.' 7 ~LIQ MET impurity MONITOR l.D ~ SGCOCC.OO ~25D00'C.CD ■ aGDDOD.OC 25DD00.CD 

15. 8 COVER GAS SYSTEM EA l.G 1700000.00 400000.00 17ODD00.CQ 4OC0OD-OO 

IG. 9 LIQ^MET DU.MP TANK EA 4.0 5T00CC.D0 8GC0C.CC 228DODG.CO 344000.00 

19527279.50 458G81G.44 


PERCENT TOTAL DIRECT COST IN ACCOUNT IG = 6.701 ACCOUNT TOTAL* 6 


PIPE S FITTINGS 

17. 1 CONVENTIONAL PIPING TON 1370.0 

17. 2 HOT' GAS PIPING EA 4.C 

17. 3 STEAM PIPING B FITTINGS .0 

PERCENT TOTAL DIRECT COST IN ACCOUNT 17 : 


3000.00 18GD-DC_ 4110000.00 246G0C0.0Q 

IB'COTlIlO.OQ 700 G40fi000:;00 .00 

.00 ,00 .00 .00 

3.G0G ACCOUNT TOTALrS 10510000.00 24SSO0G-OO 


AUXILIARY ELEC EQUIPMENT 

18. 1 MISC M0TERS»ETC 1140000. Q 1.40 .17 152G0C0.0C 193800.00 

10. 2 SWITCHGEAR S HCC PAN KUE 1140000.0 1-95 .45 2223000.00 513QOO.OO 

18. 3 CtfNOOlTrCASLES.TRAVS FT 'ABTPCTD'O.C 1.32 ITSE' 65C7!T39T94~' GTO^^^^ 

18. 4 ISOLATED PHASE BUS FT 17D0.D 510.00 450.00 8G700D.D0 7G50D0.00 

18. 5 lighting 8 COMHUN KWE 1140000.0 -35 .43 39SOOO.GO 490200.00 

Ig*. .5 L^-t^AK DETECTION SYS EA 1.0 25DD00.0D 2DD000.D0 250000-00 200000.00 

18- 7 LM TRACE HEATING SYSTEM 1.0 2SOOOOD.QO 20tO0Do;DD 2500000.00' ^OOOGOD-DD 

PERCENT TOTAL DIRECT COST IN ACCOUNT IS = 7-ODG ACCOUNT TOTAL.* 14342539-87 10866733.75 


control. INSTRUMENTATION 
19. 1 COMPUTER EACH 

19. _2 OTHER CONTROLS EACH 


PE RCENT TOTAL DIRECT COST IN ACC0UNT_1S.= 


6GCOQO.OO 15000.00 G6DDC0.DC 15000.00 
1250000.00 774000.00 1250000.00 774000-00 
. .750 ACCOUNT TOTAL.* 1910000.00 7B30DD-QD 


PROCESS HASTE SYSTEMS 


20. 

1 

BOTTOM ASH 

TPH 

.0 

20. 

2 

cmr'ssR ' - 

TPH ~ 

411.3“ 

20. 

3 

wet SLURRY 

TPH 

225.2 

20. 

4 

ONSITO DISPOSAL 

ACRE 

746.0 


.TOTAL DIRECT COST .IN ACCOUNT 20 .= 


„ -00 .00 ,00 .00 

TJ4'OT3S35.rG — '6110228^.79“ '2'4c0g357rG ““gOD208l?S 

571S449.0G 1428862-27 5715449.06 1428862.27 

5272.45 8081.34 3933406-16 6028918.81 

5.588 ACCOUNT TOTAL.* 12049630^^25 8057989-31 


stack gas cleaning 

21. 1 PRECIPITATOR EACH .0 

"217 2 'SrCfi¥SBER “ ' ' KlfE .0 

21. 3 MISC STEEL S DUCTS .0 

PERCENT TOTAL DIRECT COST IN ACCOUNT 21 : 

total direct COSTS.* 


7T527D8.DG 5033260.19 

'21'. STS 9-.9S 

-DO .00 

.000 ACCOUNT TOTAL.* 


.00 
7 GO 
-CD 
.00 


.00 

.00 

.00 

.00 


262282562-00 97557834.00 



8-182 


Table *A 8.3.8 


RANKING XETAL VAPOR TOPPING-STEAM CYCLE COST OF ELECTRICITY»MlLLSi^KW«HR 
. P-ftSAMETRIC POINT NO.^2 . 


TOTAL DIRECT COSTS»$ 
INDIRECT COST.S 
PROF S OWNER COSTS»S 
"CBNTIfieENCY COST.S 
SUB total,* 

ESCALATION COST.* 
INTREST_DURING CONST. 5 
t6Tal“ CAPITALIZATTON.S 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-OP S MAIN 
TOTAL COST OF ElFTC 


RATE, _ __ 

percent "G-.Cd 

.0 317503S7G. 

51. C 281G2S21. 
8.0 25R00318. 

9.5 30162877. 

.0 RG123D088. 

G.S 11DABD25Z. 

10.0 13_3831583. 
.0 ■ GA5'S21920.‘ 

18.0 17.3008«l 

.0 G.84GG3 

.0 1.G7201 

.0 2B.AI948 


LABOR RATE. S/HR 


■■ 8'. SO ' 

3^0512835. 
39897471. 
27241031. 
32348725. 
440D0011G. 


XC.GD 

353840392. 

49754494. 

23787231. 

34X84837. 

472SGG348. 


121133737. 130039576. 
14676345D. 157626222- 
707837360. 7B0292736. 
l‘>-63056 21.08353 

b. 84663 6.B4G63 

1.67201 1-G7201 

28.14920 ■ 29.60217 


4CC336036. 4G0159296. 


7D4G7303. 

32026887. 


100917134. 

36812743, 


o8D319Z9. 43715133. 

540802208. 641604283. 
148885016. 176G35234. 
J.8Q38G3XZ. .-214.00 9168. 
87CD73536 .1032249688. 
24.12784 28.62511 

6.84663 G. 84683 

1.B7201 1.E72D1 

32.S464S '37.14375 


TOTAL DIRECT COSTS »S 
INDIRECT COST.S 
PROF g OWNER COSTS. S 
'{TONTTWGENCT COST.* 

SUB TOTAL.* 

ESCALATION COST.S 
iNfREST DURING CONST.S 
“'TDTAL CAPITALIZATION . S' 
COST OF EL EC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-OP 8 MAIN 
‘TOTAL COST OF ELEC 


RATE. CONTIfiGENCY 

PERCENT- -5.00 ‘ .00 

.0 35384C392. 353840392. 

51.0 43754434. 49754434, 

8.0 28787231. 28787231. 

ZD.D -17332Q13. 0. 

.0 420390C3G. 438382112. 

G.S 115735080. 12DG88354. 

10.0 140222464. 1462Z37G0 . 

.0 ' G7634764G. 7C5294224. 

18.0 18.75566 13.55B37 


G • 846 6,^ 
1.67201 
27.27430 


6.84653 

1.67201 

28.07701 


. PERCENT. 
9.50 

359840392. 
49754494c 
28787231. 
34184837- 
472566948. 
130033576. 
157626222. 
7S029273S. 
21.08353 
S. 84663 
1.67201 
29.60217 


5. DO 

359840332. 

49754434. 

28787231. 

17932019. 

45G374128. 

125641628. 

152225054- 

734240^00'. 

20.36102 

6.84663 

l.S7’01 

28-87173 


20.00 

359840392. 
49754494, 
28787231- 
71 968078- 
510350188- 
140501454- 
170228942. 
82IGS0576; 
22.76922 
6.84663 
1.67201 
31.28736 


TOTAL DIRECT COSTS, $ 
INDIRECT COST.S 
PROF & OWNER C0STS.5 
—CtNTXNGEMCY COST.* 

SUB TOTAL.* 

ESCALATION COST.S 
TNTREST during CONST.* . 
ifOTAI. CAPITALIZATION,* 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-OP g MAIN 
TOTAL COST OF ELEC 


RATEi_. . . . 
PERCENT S.Od 
.0 359840392 

51.0 43754494 

8.0 287S7231. 

9,5 34184837 

«0 4725GG948 


ESCALATION- RATE. PERCENT 


6. 50 

353340332. 

43754454. 

28737231. 

34184837. 

47Z5GG948. 


8. CO 

359840392. 

43754494. 

mum: 

47256G348. 


10. OC 

359840322. 

49754434. 

28787231, 

34184837- 

472SGG948. 


97G579Sb. 130093576. 1E4D92682. 211332152. 
150499152. 157G2B2Z2. 1E5D29834,- 1753-45882.^ 
720724080, 7BD292736. 801889504. 85984497G. 


19.98626 

G.846G3 

1-G72C1 

28.50490 


21.08153 

G.B4CG3 

1.G7201 

29.GDZ17 


22-23149 

G.84GG3 

1.G7201, 

30-75013 


23-84419 

G.846G3 

1.G7201 

32.3G283 


.00 

358840392. 

43754494. 

28737231- 

34X84837. 

472566948. 

0 . 

1286374 62. 
601204408. 
16.67188 
6.34663 
1,67201 
25.13052 


TOTAL DIRECT COSTS,* 
INDIRECT COST.S 
PROF 8 OWNER COSTS,* 
'cONTINGE'NCY COST.S 
SUB TOTAL.* 
escalation COST.S 
INTREST during CONST.S 
-T0TAL“CAPiTAli 7ATION .s 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-OP 8 MAIN 
TOTAL COST OF ELEC 


RATE., . INT DORING 

PERCENT 6.00 3,00 

.0 359840332. 3538403S2. 


49754494. 

28787231, 


.0 359840332. 355840352 

51-0 49754494. 49754494 

8,0 28787231. 28787231 

9.5 34184837. 34184837 

.0 472558948. 472566348 

6.5 130099576. 13D09957G 

15.0 90840785. 123583174 


34184837. 34184837. 

4725GG948. 4725G6348. 


90840785. 123583174. 
6935073G4; 726249638. 
19.23151 20.13943 


GONSTtP.ERCEHT-_ - 

10.00 12.50 

35984C3S2. 359840332. 
49754494. 49754494. 

28787231, 2878723X- 

34184837, 34184837. 

472566948. 472566348. 
13DD9357G- 13DD33576. 
157G26222. 202075378. 
760232736. 8G4741896- 


6.B45S3 

1.67201 

27.75015 


6.84G63 

1.67201 

28.G5813 


21.08353 

6.34663 

1.67201 

29.60217 


22.31614 

6.34663 

1.67201 

30.8S473 


15,00 

359840332. 

43754494. 

28787231. 

34184837- 

472566348, 

130039578. 

2487124X6. 

851378336, 

23.60342 

6.34663 

1.S72C1 

32.12806 


"Table A 8.3.8 Continued 

RAN'KINE metal vapor topping-steam cycle cost of ELECTRICITYiKILLS/KU.HR 

parametric point N3.42 


account . 

total direct cosfs»s 

INDIRECT COST f 5 
PROF S OWNER COSTS»$ 

COKTINSENCT COST?! 

SUB TOTAL »S 
ESCALATION COST.t 
J:,NTR£.ST during CONSTtS 

T AL CAPI T ALI Z A TI ON r S 
COST OF elec-capital 
COST OF ELEC-FUEL 
COST OF ELEC-OP E MAIN 
' total COST OF ELEC 


FIXED CHARGE RATE. PCT 
14.4C"’ “ Iff.CD ' 

353S't0332. 35S8<JC392. 
427E«»4SiS- A975R«ISR. 
23787231- 28787231. 

3^18^837. 3418^837. 

4725569*18. 472S66943. 4725S6948. 
13009S57S. 13D09957S. 130039575. 
1S7626222. 157626222. 157626^2^. 
76029273S. 76D22273S. 760232736. 
11,71307 16.86632 21.C83S3 

6.84863 6.84663 6.84663 

1.67201 1.67201 ,1-67201 

20.23171 25.38546 23.60217 


RATE. 

PERCENT IC.GO 

.0 353840392. 

51.0 49754434. 

8.0 28787231. 

9.5 34184837 

.0 

6.5 

10.0 

.0 

25.0 
..C 

,0 


— 21. ec" 

359840392. 

49754434. 

28787231. 

34184837. 

472566948- 

130033576- 

157528222. 

760292736, 

25.30023 

6.84663 

1-67.201 

33.31867 


25;dc 

359540392. 

43754434. 

28737231. 

34184837. 

4725GS348. 

130033576. 

157626222. 

760232736. 

29-28268 

6.84663 

1.672Q1 

37.80132 


,_ACCOUNT_ 

TOTAL DIRECT COSTS .S 
INDIRECT COST.S 
PROF 8 OWNER COSTS iS. 

” COWTINGEMCY COSTfS 
SUB TOTAL »S 
ESCALATION COST** 

COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-OP S MAIN 

— total cost of elec 


. RATE* 

PERCENT .50 

.0 35984C392. 

51.0 43754434. 

8.C 28787231. 

3-5 34184837. 

.0 472566348. 

6.5 130039576. 

lO.C 15,7626222 L 
.0 7GD232736. 

18.0 21.08353 

.0 4.D2743 

.0 1.67201 

.0 26'.76297 


FUEL ,COSTr, *210»>6 arU_._. 


.85 
352S4C3S2. 
49754494. 
28787231. 
34184837. 
472566348. 
130093576. 
157626222*. 
760292736. 
21.08353 
6.84663 
1.67201 
23.60217 


1.50 2.50 

35384C392. 359840392. 
43754494. 49754494. 

2 8 7 8 7 2 31 2 8 7 8 7231.. 

34184837. 34184837. 

472566348- 472566948. 
130099576. 130099576. 
,157626222*. T57626222. 
760232736. 7602SZ73G. 


21.08353 

12-08230 

1.67201 

34.83783 


21-08353 

20.13716 

:um 


nl 


1.02 

359840392. 
43754434. 
287.87231. 
34184837. 
472566948. 
13CD3957E. 
157.626222 . 
760292736. 
21.08353 
8.21535 
1 ,67201 
30.37149 


ACCOUNT 


TOTAL DIRECT COSTS,* 
INDIRECT COST,* 

PROF S OWNER COSTS,* 
TrDKTTTJGETNCY cnST** 

SUB 'total,* 

ESCALATION COST#* 
INTREST DURING CONST,* 

CAPITALirATION,* 

COST OF elec-capital 
COST OF ELEC-FUEL 
COST OF ELEC-OP 8 MAIN 
'TOTArTOST'DF ELEC 


RATE* 

PERCENT' T2.ira “ 
.0 353840392- 

437S4434. 
28737231. 
34184837. 
4725E6943. 
130093576. 
157626222. 


CAPACITY FACTOR»_,PERCE{!lT 


51.0 
9.0 

3.5 

.0 

6.5 
ID.D 

".O' 

13.0 

.□ 

.0 

.0 


45.0D 'SG'-D'D 7rs;oo" ' 
359840332. 359840332. 353340392. 
4S7544S4. 437544S4. 43754434. 

28787231. 28787231. 28787231. 

34184837. 3418483T. 34I84S37- 

472566948. 472556948. 472566948. 
130099576. 130099576. 130099576. 

157626222. 157626222. 157626222. 

76023'2736-." 76D232736-. 76029^361 ""7 efJ29ZT36V 
114.20244 30.45393 27.40858 21.08353 

6.84663 6.84663 6.84663 6.84663 

2.92707 1.83416 1.78333 1.67201 

123.37614 33.13478 3E.D2r635 2^.60217 


80.00 

353840392. 
43754494. 
28787231. 
34184837. 
472566948- 
130099576- 
157626222.- 
■760292736. 
17.13037 
6.84663 
,1.59740 
25 .57440 



Table A. 8.3.9 






rankine 

metal 

VAPOR TOPPIN 

G-3TEAM CYCLE 








ACCOUNT NO AUX 

POWER. MWr PEBC PLANT 

POW OPERATION 

COST MAINTENANCE COST 






4 

8. 

34353 

14. 

83792 55 

DC832 

13-03170 






7 

5. 

21173 

10. 

34734 12G4 

67934 

.00000 






3 

10. 

13970 

16. 

99042 

00000 

.00000 






14 ‘ 

. 

CDDQO 

, 

DGCCD 14 

3068? 

.00000 






18 

ID. 

9SD2D 

18. 

2S723 

OOODC _ 

.00000 






2C 

23. 

71594 

39. 

507C9 7 

45775 

.COOCC 





TOTAuS 

SO * 

C3210 

5. 

26S12 1231 

45271 

13.G317r 






RAKKINE METAL VAPOR ToPPING-STEAK 

cycle ease case input 







NOMINAL POWER* HWC 


1200.0000 

net pokes, mk 

C* 

1139-9573 





■‘ won 

HEAT RATE. 3TU/KH-HR 

7651.90 

55 

net heat rate 

. PTU/KW-HR 8054.8641 





ST 

TUR8 HEAT RATE 

CHANGE 

.3780 









CONDENSER 












DESIGN PRESSURE* IN HG A 

3.5.000 

NUMBER OF SHELLS . _ 


3.C000 





NUKBEft' OP TUSES/SKELL 

6980.5534 

TUBE LENGTH, 

FT 


69.5567 





Ut 

aTU/HR-FT2-^ 


• SC3.G535 

terminal temp 

DIFF. 

F 

5.0000 





HEAT REJECTION 












DESIGN TEMPt F 


77.0C0C 

APPROACH. F 



15.5713 





— RAWSE* F 


23.DDDG 

OFF DESIGN TEMP. F 


51.4000 





OFF 

DESIGN PRES. IN HG A 

2.4175 

LP TURBINE BLADE LEN, IN 

25.0000 





1 

12CD.CCC 

•> 

.005 


3 .446 

4 

.000 

1 5 

6.500 




• - s- 

823.700 


3.500 

3 

3369400000.000 

9 

3.000 

ID 

1.000 




11 

l.CDG 

12 

138. IOC 

13 

l.COD 

14 

.000 

15 

.000 




IS 

2.00C 

17 

187. OOG 

16 

3. DOC 

19 

5,000 

20 

2.500 




21 

.CGC 

22 

Z5C5G.CC0 

23 

-ccr 

24 

275DC.0Ci: 

25 

.000 




•■2£ 

7500000.000 

27 

20000. COD 

23 

20CDO.000 

29 

2600090.000 

30 

.600 




31 

l.DCC 

32 

1370. COO 

33 

.500 

34 

X.ODC 

3*‘- 

l.ODD 




.5 o 

4930000.000 

37 

1700.000 

38 

l.GOD 

39 

1.000 

40 

725000-000 




<>1 

156000.000 

42 

GBCDOD.GDC 

43 

15050. COG 

44 

125CDCO.DOC 

45 

774000. OOG 



— 

"T^S 

. DOC 

47 

.000 

43 

3.000 

49 

2-000 

SO 

.000 



CO 

51 

.DOG 


5. 350 









1 

H-* 

1 

.one 

“"z 

4.QD0 


Z .000 

4 

.000 

5 

23700CG0.0D0 



CO 

e 

.CCD 

7 

l.DOC 

3 

4.CCC 

3 

9. DDO 

ID 

4.0G0 




"11 

4.0CC 

1'!’ 

2000. ODD 

13 

1300-000 

14 

4.000 

15 

1.000 




IE 

197CCOOD.OGO 

17 

.000 

IS 

SCDDGOa.CGO 

19 

.000 

20 

30C000D.000 




21 

.000 

22 

530000.000 

23 

30000.000 

24 

213000.000 

25 

.000 




-?S 

233D.0GD 

27 

780. DDO 

23 

310. DCC 

23 

104. COG 

30 

360Q0.D.0DC 




31 

.DCS 

32 

64D0Q0.CCG 

23 

.000 

34 

4. GOO 

35 

4.000 




35 

278DOCD.CCO 

37 

.CCG 

2S 

5750CD.0CD 

39 

iicDCO.acc 

40 

.COD 




<»1 

.000 

42 

4. OOG 

43 

l.DOC 

44 

.DDG 

4S 

-OOC 




45 

,DCC 

47 

.C-DC 

43 

.GCC 

49 

.□GG 

50 

133DDDO.OOD 




• FI 

,000 

S2 

1720DC0.0D0 

53 

.000 

54 

.000 

55 

• 000 

O feJ 


55 

.COG 

57 

.000 

58 

l.COG 

53 

4.000 

.'C 

1.000 

hr* 



G1 

l.OQD 

62 

4.000 

S3 

S3000C0.000 

64 

2000000.000 

65 

1300000.000 

iT • 

H < 

?y 


55 

15DDCD.C0D 

67 

8C00C0.D00 

63 

ZSODGG.COD 

69 

17C0DC0.DDD 

It 

4COCCO.COO 

C‘ 

I ^ 


71 

57000C.ODC 

72 

SoODo.aoo 

T3 

4.D00 

74 

ISCOGCa.ODG 

75 

.000 

u - 

: ■ i/ 


75 

l.OCO 

77 

l.DCC 

78 

25DDCD.0DD 

79 

200000.3005 

BG 

25DOCOD.OCO 

r ' 

. -tf. 


31 

200DQQC.0DC 

32 

.000 

S3 

.300 

34 

,000 

55 

.000 

K- ' 

r 


86 

.90n 

87 

.000 

88 

.DCD 

S3 

.DCC 

O0 

l.DOC 

t*- ■ 

• -» 


"91 

.000 

92 

.000 

33 

.000 

34 

.000 

05 

.000 

c 



96 

.000 

37 

.000 

SS 

• GOC 

99 

3 OOC 

iro 

.000 








Table. A 8.3.10 


rankike xetal vapor TcppiKG-smn cycle: account listing 
parametric point NO.IIG 


ACCOUNT NO. a NAME* 


UNIT 


AMOUNT MAT S/UNIT INS S/UNIT HAT COST»$ INS COST*$ 


SITE development 

1. 1 land cost 

2 CLEARING LAND 

3 GRADING LAND 
H ACCESS RAILROAD 


. 1 . 

1 . 

1- 

1 . 

.„.l. 

X 


SIDING R R TRACK 
OTHER SITE COSTS 


ACRE 

137.0 

IDGO.OO 

.00 

ACRE 

62.3 

.00 

600.00 

ACRE 

137.0 

.00 

3000.00 

MILE 

5.0 

IIEOCQ.OD 

IIDDOD.OD 

MILE 

2.5 

120000.00 

70DD0.CD 

MILEL 

.0 

125CGD. OC 

8CCOO.CC 

ACRE 

.0 

.00 

-00 


PERCENT TOTAL OTRECT COST IN ACCOUNT 1 =■ .31A ACCOUNT TOTAL »£ 


187C2D-CD 

.CD 

.00 

575CDD.CG 

3QDOOO.OO 

•CC 

39GAaS.3S 

lM5B4CS.se 


.00 

373SS.2G 

5S1000.0C 

55CDCC.00 

175DDD-0D 

-CD 

335406. 86 
1719803-11 


EXCAVATION a PILING 

Z. 1 COMMON EXCAVATION YD3 7515D-Q 
2. 2 PILING FT 20DM00.C 
PERCENT TOTAL DIRECT COST IN ACCOUNT 2 : 


.00 3.00 

6.50 8.50 

,327 ACCOUNT TOTAL* £ 


.00 

13C26D0-D0 

13C26D0.CO 


22S4SD.0C 

17D34DD.0C 

1928850.00 


PLANT ISLAND CONCRETE 
3. 1 PLANT IS- CONCRETE 
3. 2 SPECIAL STRUCTURES 


-~mrr rejection system 

4. 1 COOLING TOWERS 

4. 2 CIRCULATING H2C S 
4. 3 SURFACE CONDENSER _ 

PERCENT TOTAL DIRECT COST IN ACCOUNT 


YD3 

25C5C.G 

7D.0C 

80. CC 

17S35DD.DG 

YD 3 

.0 

.00 

-DO 

.00 

■ IN ACCOUNT 3 - 

.362 ACCOUNT 

TOTAL»£ 

17S35CD-00 

EACH 

14. C 

.00 

.CO 

2149000.00 

EACH 

l.D 

.00 

.DC 

1215394-06 

FT2 

409753.4 

.00 

.CO 

1337434-33 


4 = 2.026 ACCOUNT TOTAL.S ' 5201848.44 


20C4DDD.0D 

.00 

2004000.00 


IGTIOOD.DD 

1629683.83 

286327.41 

2387517.22 


STRUCTURAL FEATURES 

stat.'“structural ST. Ton 27300 . 

S, 2 SILOS a bunkers TPH .0 

5. 3 CHIMNEY FT .0 

5. 4 structural FEATURES EACH X.D 

'PERCENT TOTAE DIRECT COST IN ACCOUNT 5 - 


SSD.OO 17"S.0d 17745CD0.DD 4777500. 00 

lBDO.no 750. CO -CD .00 

.00 .00 .00 .00 

725QDC.0D 166GDD.C0 7250GO.OO 1S6C0D.D0 

5.'994 ACCOUNT' TOTAL* £ ' 18470000-00 '4343500.00 


BUILDINGS 

"“61" 1 snrrroN buildings ft3~ tscqdcc.c 

6. 2 ADHINSTRATION FT2 20D0Q.G 

6. 3 WAREHOUSE 8 SHOP FT2 20000. 0 

PERCENT TOTAL DIRECT COST IN ACCOUNT 5 ^ 


" ■ IlG ri'6 ■'T2OC0Cd.Ct 12DGC00.D0 

IS. DC 14. OC 32DCG0.C0 230000.00 

12.00 8.CC 24CCCC.C0 160CCD.D0 

.87D ACCOUNT TOTAL»S 176GOOO-OD 1S4C000.0D 


FUEL HANDLING a STORAGE 
7. 1 COAL HANDLING SYS 
“TETZ DOLOMITE HANC.' STS 
7. 3 FUEL OIL HAND. SYS 
percent TOTAL DIRECT C05 


TPH 419.9 

TpH ZZ2.2 

GAL zecoCDO.D 
T IN account 7 = 


.00 .OD 5850870.50 2491311.41 

" 00 " .CC 29667Z1.44 1371040-98 

.00 .CD 290836. Cl 227B2G.41 

3.379 ACCOUNT TOTAL* £ 9108437.87 4090778.78 


FUEL PROCESSING 
8. 1 COAL DRYER 8 CRUSHER TPH 
8. 2 C ARBO NIZERS _ ^TpH 

3. 3 GASTFIERS ■ ■■ TpH 

PERCENT TOTAL DIRECT COST IN i 


CCOUNT 


.0 .00 .00 

^0 _.0D _ _.00 

'.0 ■ ' .00 ■ ■ ■“ -cb' 

3 = .OOC ACCOUNT TOTAL* £ 


.00 

.00 

.00 

-00 


.00 

-on 

.OC 

-00 



8-186 


Table A 8.3.10 Continued 


RANKINC METAL VAPOR TOPPIN’G-STEAH CYCLE 
PARAMETRIC POINT N0.4S 


ACCOUNT NO. 6 NAKEi 


UNIT 


ACCOUNT LISTING 
AMOUNT MAT S/UNIT INS */UNIT MAT COSTf* INS C0ST»5 


FIRING SYSTEM 
9 . 1 

PERCENT total DIRECT COST IN ACCOUNT 


,D -DC -DC 

; = .000 ACCOUNT TOTAL** 


.CO 

.DO 


.□G 

.DC 


VAPOR generator fFIREDl 

10. 1 PRESSURIZE BOILER EA .0 .00 __ .00 . , ...00 .00 

T0.“2 FLUID bed boiler EA ^ .D-lSlSBZOCiOO 8524739.87 50020800.00 34099193. 50 

PERCENT TOTAL DIRECT COST IN ACCOUNT 10 =24.243 ACCOUNT TOTAL* S 50520300.00 34099139.50 


11. 1 STEAM TURBINE GENERATOR 1-0 137000CD.D0 

11. 2 GAS TURBINE GENERATOR 4.0 5300000.00 

11- 3 LIQUID METAL TURB-GEN 8.0 20DDD0G.0D. 

"Tr-~4 LIQUID METAL DRUM ' ' " ^.O ' llffOODO.OO 

11. 5 LIQUID met PECIRC PUMP ^ 4.0 235000.00 

11. 5 LIQ MET HOT LEG PIPING 2000.0 2330.00 

11. 7 LIQ MET COLD LEG PIPE 130C.D 367.00 

“IT. 8 LIQ UET CONDENSATE PUMP ' 4.T} 495000. OD 

11. 9 LIQ MET INVENTORY 1.0 28636000-00 


1215823.09 197C0DDD-0D 
1576000.00 236CG00D.DD 
180C0C.00 16Q00G0C.0G 
l3SOOOOiOO ‘ 4720000.00 


18800 -CO 
780.00 
124 -CD 
39600.00 
572720-00 


340000.00 
4660000.00 
477100-00 
198QQQD.00 
ZS63GDCD.0D 


PERCENT TOTAL DIRECT COST IN ACCOUiMT 11 =30-115 ACCOUNT TOTAL** 1007131C f). DO 


1215823.09 

6304000.00 
1433999.38 

5440000.00 
75200.00 

15SDD0D.0D 
161200 -DO 

153400.00 

572720.00 
16327343-00 


COUPLING HEAT EXCHANGER 

12. 1 L M COND-STEAK GEN EA 

12. 2 HOT WELL TANK EA 


4.0 

4.0 


HEAT RECOVERY HEAT EXCH. . . _ 

gAS-AIR RECUPERATOR EA .0 

13. 2 ECONOMIZER EA ^.0 

13. 3 gAS feed WATER HEATER EA 4.0 

13. 4 FEED water HEATER STRING 1.0 

“'PERCENT TOTAL DIRECT COST IN ACCoUnT 13 = 


_«ater .treatment^ . 

14. 1 OEMINERALtZER GPK 123.7 

14. 2 CONDENSATE POLISHING KHE 81D600.0 

PERCENT TOTAL DIRECT COST IN ACCOUNT 14 = 


POWER CONDITIONING 

IS. 1 STM TURB transformer 990733.3 

15- 2 MET VAP TURB TRANSFORMER J2372.94.5_ 

15. '3 GAS TURB TRANSFORMER 233 638-3 

PERCENT TOTAL DIRECT COST IN ACCOUNT 15 = 


1911000-00 

8 190 DC. DO 

7644000.00 

327GDC0-DD 

750000-00 

125000.00 

3000000.00 

500000.00 

3.691 ACCOUNT 

TOTAL** 

10644000 .GO 

377GDDD.00 

' .00“ 

" ";oo‘ 

.00 

.00 

.00 

.00 

.00 

.00 

1027500.00 

342500.00 

4110000-00 

1370000.00 

1720000.00 

51600.00 

1720000.00 

51600.00 

1.356 account 

total.* 

5830000-00 

1421600.00 

■ 2500. OO' 

"700. DC 

324239193 

30787.20 

1.23 

.30 

1013249.33 

243180-00 

.428 ACCOUNT 

TOTAL** 

1337483-97 

333967.20 

.00 

.00 

1727447.28 

34548-95 

.00 

-00 

951.G4D.GJL3 

690.98 

.00 

-00 

2403333.00 

.00 

2.223 ACCOUNT 

TOTAL** 

3647246.37 

35233.92 


Table A 8.3.10 Concinuad 


RANKING KETAL VAPOR TOPPInG-STEAM CYCLE ACCOUNT LISTING 
. PARAMETRIC POINT NO.. 4£ _ . 


ACCOUNT NO. 8 NA«E. 


UNIT 


Amount kat s/unit ins s/unit mat cost, $ ins cost,* 


AUXILIARY MECH EQUIPMENT 

IE. 1 BOILER FEED PUMP 8DR.KUE 

other pumps KWE 

Misc Service sys kwe 
auxiliary BOILER PPH 
LXQ MET receiving-pro C 
LI.® MET STORAGE TANK EA 
LIQ MET IMPURITY MONITOR 
16. 8 COVER GAS SYSTEM EA 

16. S LIQ MET DUMP TANK EA 

percent TOTAL DIRECT COST IN 


16. 

16. 

il: 


2 
3' 

4 

5 

6 

16. “7 


770D7C.D 1.67 .16 1286616,87 77007.06 

634000.0 .33 .12 601320.00 82C3C.Q0 

1140000.0 1.17 .73' 1333800.00 832199.93 

.0 4.00 .80 .00 .00 

l.C 62DDDOO.OD ZOOCOOC.OC 6ZD00C0.C0 2000000.00 

4.0 1710000.00 . 205000. 0.fi, 6.840000.00 1140000. DO 

■ l.C 8DCOOC.OC 250C0C.CG 3CCODD.CO 25DC0C.D0 

1.0 1700000.00 400000.00 1700000. CO 400000.00 

4.0 770000.00 1Z50DQ.DO 3D8C0D0.0D 500000,00 

ACCOUNT IS = 5.943 ACCOUNT TOTAL,* 21841736.75 5231286.34 


PIPE 8 FITTINGS 

_jLLi^a_C.aHVEKJXONAL JIIP.ING TON. X3.m,i3 

ITT 2 hot SAS PIPING EA 4.0 

17. 3 STEAM PIPING E FITTINGS .0 

PERCENT TOTAL DIRECT COST IN ACCOUNT 17 : 


AUXILIARY ELEC EQUIPMENT 
18. 1 MISC MOTERSfETC 
18. 2 SWI TCHGEAR 8 MCC PAN KWE 
18. 3 CONDUITtCAaLESwTRAY" 

18- 4 ISOLATED PHASE BUS FT 
18. 5 LIGHTING S COMHUN KWE 
18^ 6 LM LEAK DETECTION SYS EA 


isr 7 LH’ TRACE HEATING SYSTCK 

PERCENT total DIRECT COST IN ACCOUNT 18 


114G0C0.D 
. 1140000.0 

FT“ 4'33Q00D.0" 
1700. G 
114CQDD.0 
l.U 

r.o ■ 


. . .300.0..0Q. . . JLSOD.«nO . .41X0000,00 

ISGODOO.OO .CD 6400000.00 

.00 .OG .00 

3.322 ACCOUNT TOY/'* ** 1D51D0DD.DD 


1.40 
_ Jk«9S 
■ 1.32 ■ 
510.00 
.35 

230000.00 

2500QC0.00 


.17 
_ -35 

'T.3E' 
450.00 
.43 

200000, 0D„ 

20000Dtr.OO 


,2.4660.00 .00 
.00 
.00 

2466000.00 


= 6-453 ACCOUNT TOTAL** 


1596000.00 

_2223G0D.D,D 

65C'7539'.S4 

867000.00 
399DD0.CD 

250000.00 
■2SCODGD-G0 

14342599.87 


193300.00 
. 513000.00 
6704792. '94 

765000.00 
49D2DD.D0 
20BDOO.OO 

2000000.00. 

10866739.75 


IfONTROLTTCNSTRUM^NTATlON 

19. 1 COMPUTER EACH l.C 

19. 2 OTHER CONT.ROLS EACH l.C 

PERCENT TOTAL DIRECT COST IN ACCOUNT 19 : 


66D0DC.00 1500D.DC 6G00GD.CD 15DD0.DD 

1250000.00 774000.00 1250000,00 774000.00 

.691 ACC0L'NT_T3JAL»S _191ECC0.CD 783000,00 


PROCESS WASTE SYSTEMS 

20. 1_90TT0M ASH TpH .0 

TDT"? OWSSR- " TPH W;3- 

20. 3 WET SLURRY TPH 222.2 

20. 4 ONSITE DISPOSAL ACRE 736.1 

PERC ENT TOTAL DIRECT COST IH ACCpUNT 20 = 


_ -DO . 00 .00 tOQ. 

23T63¥5'.9l 553F3Ft48 ZS'TSS^S.SX" 5S38'36 248 

5639580.31 1409895.08 5G3353C..31 1403895.08 

5286.89 8101.55 3821820.72 5963765.56 

.5,J38B .ACCJJUNT. X9TA.U* * . ,113,06Z46.,,87- . 73.67497,05 


STACK GAS CLEANING 

21. 1 PRE CIPITAT OR _ EACti__ . _ „ _,0_ 

21.“ 2 SCRUBBER ‘ KWE .0 

21. 3 MISC STEEL 8 DUCTS .0 

PERCENT TOTAL DIRECT COST IN ACCOUNT 21 = 


total DIRECT COSTS,* 


7-6723_1.8.,B.1 ._4.aa7QBT.Jl.S__ 
21.61 3.91 

.00 .00 

.000 ACCOUNT TOTAL,* 


-,.C.D 

.00 

.CD 

.00 


.00 

cQO 

.00 

.00 


287358564.00 103278379-00 



Table A 8.3.11 


ranking "ETAL vapor topping-steak cycle cost of ELECTRICITYfMILLS/KW.HR 

PARAHETRIC POINT N0.45 . . , „ 


ACCOU NT 

TOTAL DIRECT COSTStS 
INDIRECT COST.S 
PROF 8 owner COSTSfS 

CCnSmUGiENCY COST.S' 

SUB T0TAL»S 
ESCALATION COSTjrS ^ 
INTREST DURING PONSTtS 

Total capitalization. s 

COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 

COST OF ELEC-OP S MAIN 

rOTRC'COST OT ELEC 


RATE. 

■prRPENT 6TCG 

.0 3H581302D. 

51.G 2981«f32*f. 

,8.0 27655441. 

?r.5 32852712. 

.0 435150488. 

6.5 120073379. 

10.0 145479334. 
.0' 7Gi7D38£S. 

18.0 19.45352 

.0 6.75603 

.0 1.66133 

.0' 27.87698 


labor RATE.._£/HR 


•' g-.so 


iC.TD 


370176128. 33G63634D. 
42236358. 52671972. 


29614030 

35166752 

4771933C4 


3125D955. 
37110 5C 9. 
511670372. 


1313733S6. 140864906. 
159169558. 1706692 94. 


iS.DO' 

433507212. 

74535810. 

34680576. 

41183185. 

5333D677S. 

160751878, 


21.50 

4 3683 3283. 
106834659. 
39747063. 
47193637. 
69QS19632. 
190130354. 


767736848. 

21.29C84 

6.75603 

1.66133 

23.70820 


823204 560. 
22.82907 
6.75603 
1.66133 
31.24643 


134763973- 230358394. 
939422624 .1111108368. 
25.05202 30.31321 

6.75603 6.75603 

1.56133 1.66133 

■ 34.46938 39.23056 


ACCOU NT , 

TOTAL DIRECT COSTS .S 
INDIRECT COST.S 
PROF fi OWNER COSTS »S 
TONTTHe'ENCY COSTtS 
SUB TOTAL.S 
escalation COST.S 
INTR EST DURING CONST.S 
TirrSL TffOI TALiZ/fTldN . i 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-OP E KAJN 

total Cost OF elec 


RATE, 

CONTINGENCY 

y PERCENT. „ 



pTrcent 

■ -5. CO 

.00 

3.50 

5.00 

20.00 

.0 

390636340. 

330636940. 

390636940. 

39C636940. 

390636940. 

51.0 

52571372. 

52671972- 

52671972. 

52671372. 

52671972- 

8.0 

31250955. 

3125C355. 

31250355. 

3125CS55. 

31250955. 

20. D 

-19531847. 

0. 

37110509. 

19531847- 

78127387. 

.0 

455028020. 

474559864. 

511670 372. 

494091703. 

SE26B7248- 

6.5 

125271039. 

130643234. 

140864306. 

136025428. 

152157016. 

10.0 

15177F056. 

158290364. 

..17066S29A. 

164 8.055_7i., 

1843506.Q4. 

- .0 

732075112. 

'7S349SD56. 

82320456D. 

794923008. 

889194864- 

18.0 

20.30187 

21.17332 

22.82907 

22.04477 

24.65911 

.0 

5.75603 

6.75603 

6.75603 

S -7 5603 

6.75603 

.0 

1.66133 

1.66133 

1.66133 

1-66133 

. 1 -66133 

.0 

28.71323 

29.59058 

31.24643 

30.46212 

33-07647 


■ 


“ ACC OUNT 

TOTAL DIRECT COSTS.S 
INDIRECT COST.S 
PROF S OWNER COSTS.S 

■CONTCNGENOY COST.S 

SUB TOTAL.S 
ESCALATION COST.S 
INTREST DURING CONST.S 

TOTAL" CAPITALIZATION .S 

COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 

COST op ELEC-OP 8 MAIN 

total COST or ELEC 


ACCOUNT 

TOTAL DIRECT COSTS .S 
indirect COST.S 
PR OF S OJiNER COSTS.S 
CORTlNGEtiCY CoST.S 


RATE. . .. 

PERCENT 5.00 

.0 390636940. 

51.0 52671372. 

8.0 3125D955. 

9.5 3THD5G9. 

-0 511670372. 

.0 105738876. 

ID.D 162952482. 

.0 T8G36172a-. 

13.0 21.64035 

.0 6.75603 

.0 1.66133 

.0 ■ 30.05831 


ESCAIATiaW 

6.50 

390635340. 
52671972. 
31250355. 
3711C5G3. 
511670372. 
140864906. 
170669224. 
823204560 . 
22.82907 
6.75603 
1.66133 
31.24645 


RATE. PERCENT 

8.00 

330656940. 

52671372. 

31250355. 

3711D5D9. 

511670372. 

177670834. 

178685586- 

868026784. 

24.07208 

5.75603 

1.66133 

32.48943 


10.00 
330636940- 
52671972- 
31250355. 
37110503. 
51167D3T2. 
229468870- 
18985520,2. 
930334440. 
25.81823 
6.75603 
.1.66133 
34.23565 


RATE, _ . INT DURING.. 

PERCENT 6.00 8-00 

.0 330636940. 390636940. 

52671372. 52671372- 

3125C355. 31250355. 

371105G9. 37110509. 


SOB TOTALtS 
escalation CqSTcS 
IHTRESTjURING CONST.S 
total CifPlTALlZATiON.S 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-OP 8. MAIN 
“TOTAL COST OF ELEC 


51. D 
8j,C 
<5 
-D 
6i5 

15.0 

.0 

18.0 

.0 

.0 

.0 


140864906. 1408649D6I 
98357573. 1338,09231. 
75GS3234G. 786344560 
20.82373 
6.75603 
1.66133 
29.24108 


CONST .PERCENT, . 

10-00 12.50 

350636940 „ 39C63694D. 
S2671372<. 52671972. 

31250955. 3.125CS55... 

37110509. 37110509. 

511670372. 511670372. 
140364906. 140854906. 
17D6S9JZS_4 . 21875647.8., 

323204560. 871331744. 

21.80687 22.82907 24.26373 

6.75503 6.75603 6.75SD3 

1.66133 .1.66133 ^1.66133 

30.22423 31.24643 32-58109 


.00 

390636940. 

52671972. 

31250355- 

37110503- 

S11E70372. 

0 . 

13.9281805- 
650952176. 
18.05218 
6-75603 
1-66133 
26 .46353 


15.00 

390636940- 

52671972. 

3125CS55. 

3711D503. 

511670372. 

140S<^*i906. 

259292584- 

921327856. 

25.56409 

6.75603 

1.66133 

33.98144 


Table A' ff. 3.11 contKiueff 


rankine hetal vapor toppins-steak cycle cost of electricity »kills/kw. hr 

parametric point no-ss , _ 


J.CC0UNT 

total direct costs»$ 

INDIRECT COST»S 
PROF S OWNER COSTS»$ 

contingency cost.s' 

SUB TOTAL#* 

ESCALATION COST.* 
_INJR£_ST DJJRIfie CONST# S 


TOTAL capitalization »* 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-OP & MAIN 
“■“TOTAL COST OF ELEC 


RATE# 

percent “ 

.0 39DSjS3«JD. 
51. C S2E7-1372. 
B.C 3123D355- 
3.5 ■37110503. 

.0 S11S7Q372. 

S.E 1A08EA90S. 
10. G 17CeS929A. 

.0 8'2 320A5£G.' 

25. C 12.68232 
.0 5.75603 

-0 1.66133 

.0 2IJ1C0X7 


FIXED CHARGE RATE# PCT 


'lA.'AO" ■ TB.oo ?i‘.ec 

3305369^0. SSQBSSStfO. 3306369AD. 
52671972. 52671372. S2671372. 

31250355, 3125C355. 31250355. 

371105D9, 3711C5C3. ‘37110509. 

511670372. 511670372. 511670372. 
140864306. 140864906. 14G8649GS. 
170 6 6 92 24 17066S2S4._170.65J2.35* 

823204560. S232"D456b.‘ 823204560. 
18.26326 22.82907 27.39488 

6.75603 6.75603 6.75603 

1.66133 1.66133 1.66133 

26.E;8C6i Ti;2464T' 25.81224 


■ "ZS.ISO 
39CS36340. 
52671972. 
31250955. 
37110509. 
511670372. 
140864SCB. 
1706.63294. 
8232C45BC. 
31.7C704 
6.75603 
1.66133 
■40.12440 


ACCOUNT 


total DIRECT COSTS#* 
INDIRECT COST#* 

PROF & OWNER COSTS#* 

“ "C ONTINGETICY' COST# * 

SUB TOTAL#* 

ESCALATION COST#* 
INTRES T DUR ING CONST#* 
^OTAL (TAPI'TSliZATION#* 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 


RATE # 
PERCENT 
.0 
51.0 
S.C 

9.5 

.0 

6.5 


.50' 


FUEL. CaSTt-i/i0 * E7U 


.85 


1.50 


”2 .“SO ' 


33D636S4G. 390636540. 39DG36S4D. 390636940, 


52671372. 52671972. 

31250955. 312SD955. 

■371X05D9. 3711D5C9. 

511670372. S11G7D372. 


52S71972- 

3125D955- 

3TH050‘9. 


52671972. 


511670372. 511G7C372. 


140SS43DG. 140364306. 140864906- 140864906. 

. JLO. Q . 17ge6S23.4j..JL 7066 9.294 ._ 1 . 7 . 066 J 2 a 4 .»_ 17 II 6 £.a 23 A... 

.0 «3204560. 323204560. 823204550. 323204560. 

18. G 22.82SD7 22.82S07 22.82907 22.S29D7 

.0 3.97414 5,75603 11-92241 12.B7D63 

,0 . .1.66133 1,66133 .. 1..66133. . ..1^,66133 

.0 23.46453 31.24643 36.4X280 44.36107 


1.02 

3SG63694C. 
52671972. 
31250.955.. 
37riaso9« 
511670372. 
140864906. 
17.06.6922-4* 
823204560. 
22.82907 
8.10724 
. 1.66133. 

32-59763 


ACC OUNT _ 

total DIRECT COSTS#* 
INDIRECT COST#* 

^PROF 8 OWNER COSTS# t 

COUTXHBESCT-OTST.'S- 

SUS TOTAL#* 

ESCALATION COST#* 
INTREST DURING CONST#* 
TST^LC^TALTZAtr OTT # * 
COST OF elec-capital 

COST OF ELEC-FUEL 
COST Of ELEC-OP 8 MAIN 
T^'L COST ■O F ELEC ■ 


■p^Rcf'NT 12^^00 

;3D63634Q. 
52671372. 


.C 

51.0 
8.0 
s;5 

-0 

6.5 

10.0 

• -TC“ 

13.0 

.0 

.0 

■ TU 


31250955. 
37112 5CT3. 
511670372. 
140854906. 
170669294. 
-S2'32g45‘6DV 
123.65747 
5.75603 
2.91539 
'3;33;3'«09 


.C.APA21IY..FJVCJ:aR*. P2BCO.T. .. ^ . 

45. OD 5C.0D 65.00 8C-00 

330636340. 390636940. 330S3634Q. 390636340. 
S2S71972. 52671972. 52671972 . 52671972. 

31250355. 31250955. 31250955. 31250955. 

'3T110SD9^ “ 37'nirS097 ~3T1 105C2 7 ■■37I'l050 3 . 
511670372. 511670372. 511670372. 511E7Q372. 
140S64SG6. 140864306. 140864306. 140864306. 
170663294. 1706692S4 . 170 66 3234. 170669294. 

■ 523204560. 82320'4550. 8Z32D456D7 
29.67773 22.32907 18.54862 

5.75603 6.75ED3 6.75603 

1,7.72_6.5 1..651.33. . -1.58672 

38.20647 31.24543 26-39137 


■82'32Zr456DT 

32.97532 

6.75603 

1.82348 

41,55483 



*USGPO: 1976 — 660-301 


Table A 8.3.12 


RAUKIHETUrTAt' VAJ>“oR"' ToFpTN'g^STEA'H CYCir 


ACCOUNT NO AUX POWER rKWT 

4 9.G2017 

^ . - 5^12977 

8 10.0S431 

14 .DDDDD 

18 _ J.Q.8G3BD 

ZD ' ' 'Z3.4C21l“ 

TOTALS 60.07346 

RANKTNE METAL VAPOR TOPPING 

S.OMIN At POWER » HLWE _ 

KOM HEAT RATE* BTU/KW-HR 
ST TURB HEAT RATE CHANGE 
CONDENSER 

QESJ[BH_PBESS.UaEL» JLH.H6..A. 

NUMBER OF TUBES/SHELL 
Ut 8TU/HR-FT2-F 
HEAT REJECTION 
_ DESIGN TEMP. F 

' Range. F " 

OFF DESIGN PRES. IN HG A 


PERC PLANT POH 

16.01241 S3. 14910 14.02235 

'10.20154 1188.G6'8D2 “ " .DoS'CC 

16.751S6 .00000 .00000 

.GCCGG 14.02819 .00000 

1.3.0.82L05 ...-OOODQ. .JIDOOC. 

38.95153 7.3587G .DCODC 

5.27050 12G3. 22404 14.02283 

-STEAM cycle BASE CASE INPUT 

1200. DCQD NET POilER* MHE 1132. 

755C.33i6 NET HEAT RATE, BTU/KW-HR ‘ '7948. 

.3781 

^ . J5..^5DJ30 NUMBER. OE. SHELLS... 3. 

7505.9596 TUBE LENGTH, FT 59. 

GOB. 3535 TERMINAL TEMP OIFF, F 5. 

J7.0DDO APPROACH. F 15. 

23.0000 OFF DESIGN TEMP.'F 51. 

2.4235 LP TURBINE BLADE LEN. IN 25. 


OPERATION COST MAINTENANCE COST 


1 

1200. COO 

2 

.000 

3^ 

.452 

4 

.000 

5 

5 

810.600 

"7 

3.500 

3 35 

23O0d0D0.DOC 

9 

3. 'ODD 

ID 

11 

l.GCC 

12 

195.250 

13 

l.DOO 

14 

.CDO 

15 

IS 

2.000 

17 

137.000 

18 

3.000 

19 

5.000 

20 

21 

.000 

22 

25050. CCG 

23 

.ODD 

24 

Z73CC.OOO 

25 

-~Z5“ 

■ ■~750oaac.'ooo 

27 

20000.000 

2S 

20000.000 

29 

2500000^000 

30 

31 

l.DOO 

32 

1370.000 

33 

.000 

34 

l.CDO 

35 

35 

4330000. DOD 

37 

1700.000 

38 

l.DOO 

39 

1-OOD 

40 

41 

155000. OCO 

42 

560000. 000 

43 

15000. GOO 

44 

1250000. QCC 

45 

~4V" 

;'Doxr " 

47“ 

.000'" 

43 

"■ 3.000 

4 S' " 

2.D0D 

SO 

51 

.000 

52 

5.350 






1 

.000 

2 

4. DOG 

3 

.000 

4 

.000 

5 

5 

.ODD 

7 

l.CDO 

3 

4.CG0 

9 

3 . COG 

10 

~1T' 

"•4.000 

12' 

2000.000' 

13 

■ 1300.000 

14 

4.000 

15 

15 

19700000. ODD 

17 

.ODD 

13 

5300000.000 

13 

.000 

20 

21 

.000 

22 

1180000.000 

23 

1350000.000 

24 

235DOD.DOC 

25 


.ODD 

273C00D^DDD 

.000 

.000 

■ ■ .000 

.000 
1.000 
285000. ODD 
TT'OdO'D.OOQ 
l.ODD 

2000000.000 

.900 

'■ .000 

„cao 


^780,000 

28&360da.CDd 

'.DOD 

4.000 

.ODD 

1720000.000 

.000 

4.000 

300000.000 

125000.000 
l.OOD 

.000 

.000 

'.000 

.000 


^ 387,000.. 

.□GO 
750000. GOD 
1.000 
.COD 
.000 
1.000 
G200000.000 
250.000.000 

■ 4^000 

250000. GOO 
.000 
.COO 
.ODD 
.000 


124.000 30 

4.000 35 

1250GC.CDC 40 


2000000 . 
17D00CD. 
1 GO DO 00, 
2CD0D0. 


.ODD 45 
-COG 50 
.000 55 

t.OOC 60 
}.000 55 

3.000 70 

j.ODO '75 
3. ODD 80 
.000 85 

.ODD 90 
.000 35 

.000 100 



